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STUDY OF HIGH PRESSURE PLUG VALVES, THE SEAL OF VVHICH 
IS PROVIDED VTTH OIL 
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ABSTRACT 


In this paper, high-pressure valves, the seal of vvhich is provided vvith oil, are investigated. It 
is knovvn that such valves are vvidely used for pumping cement into a vvell under high pressure 
in offshore conditions. A number of advantages of such valves over other valves are noted. 
Keyvvords: high pressure, tightness, valve, vvear, design, internal diameter, barrel, crack, 
maintenance. 


High pressure oil proof plugs are used in oil and gas fields, natural gas pipelines, chemical 
industry, pharmaceutical, fertilizer production, chemical povver generation, offshore cement 
plant, ore processing, sludge formation and sevvage operations. Used in pressurized vacuum 
systems, including offshore vvell control units and integrated vvellheads/1-7/. The general 
structure of plug valves is shovvn in figure 1. 

This mechanism is an on-off valve vvith a rectangular plug vvith a eylindrical hole through 
vvhich liquid flovvs. It is mainly used to start and stop the flovv, but can also be used to direct 
the flovv. 


Figure 1. Plug valve. 


Closed valves vvork in conditions vvith abrasive particles,forvvhy the movement of their seats 
against each other is completely open. They are used for isolation and are not recommended 
for control purposes. 

Theese valves are vvidely used in high pressure systems. For example, it is used to iniect high 
pressure cement into a vvell in an offshore unit. The inside vievv of the valve in the fully open 
position of the plug is shovvn in figure 2. 
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Figure 2. Internal vievv of the valve vvith the plug fully open. 


Figure 3. Design and parts of the plug valve. 


1 — valve body, 2 — sealing vvasher, 3 — spring rand, 4 — vving uninon, 5 — rand, 6 — retaining 
spring, 7 — retaining pin, 8 — locating pin, 9 — O-shaped sealing ring, 10 — sealing ring support 
band, 11 — side arcing shim, 12 — square sealing ring, 13 — sealing arcing shim, 14 — plug 
cock, 15 — valve deck sealing ring, 16 — support band of valve deck sealing ring, 17 — elastic 
eylindrical pin, 18 — valve deck, 19 — plug cock cap, 20 — locknut, 21 — grease fitting. 


The design and parts of the plug valves are shovvn in figure 3. 

There are three types of such valves, depending on their inside diameter: 

This diameter is the gap inside the valve vvhen the stopper is fully open 
ə 25.4 mm - maximum 6 barrels, 
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e 50.8 mm - maximum 8.5 barrels, 

ə A maximum pressure of 16.5 barrels can be pumped - 76.2 mm. 
AİlI three valves operate at a maximum pressure of 1040 atm. But the manufacturer is testing 
this type at 1700 atm. Valves are made in the form of rectangular, eylindrical, rhombic, 
depending on the shape of the hole through vvhich the flovv moves. Figure 4 shovvs different 
types of valves. 


Figure 4. Types of plugs according to the shape of the plug hole. 


Since the plug valves vvork in areas requiring high pressure, the parts start to abrasion after a 
certain period of time. The fastest abrasion parts can be grouped as follovvs: 


. 3676 ) ( 3076 : 2076 1476 


1. Platic and sealing arcing shims 2.Plug 3, Plug cock cap 4. Locknut 


Due to the high pressure of these types of valves, small cracks appear in the body due to the 
pressure, and in this regard, once a year, they are tested ultrasonic and magnetic. 

During the ultrasonic test (UT), they test using sound vvaves to detect cracks and defects in 
parts of the structure. 

During the magnetic test, small magnetic particles and magnetic fields are used to detect 
defects in parts made by various machining methods, such as forging, casting and vvelding. 
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Figure 5. Experimental results of abrasion parts. 


The advantages of plug valves over other valves are: 

Simple design, 

Ability to vvork in any conditions (cold, hot), 

VVorks better than other types at high pressure, 

Regular flovv regulation, 

Small size, 

Ensuring tight closing, fast opening and İovv pressure drop, 

Fire safety, 

Corrosion and erosion of seat surfaces in the trunk, 

It can be used even at high flovv rates, 

The disadvantages are: 

e" Since the gasket is supplied vvith oil, it must be lubricated vvith high pressure oil (valtex) 
before each operation. 

" High maintenance costs 

e The vveight of the structure is heavy. 

" Frequent replacement of sealants 

Unlike other valves, plug valves are more effective vvhen used in the follovving cases: 

1. Full differential opening at high pressures- Pumping systems often encounter high and 
varying pressures in the liquid line. Although fluid in)ection parts have a metal-to-metal 
surface, the shut-off valve is not affected by varying differential pressures. It is possible to 
operate the valve at full differential pressure vvithout the risk of damaging the seats. 


VYVVVVVYVYYVYY 
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Figure 6. In case of full differential opening at high pressures. 


2. Resistant to the effects of damaging particles - Because the fluids passing through the 
system often contain a mixture of oil and gas, suspended foreign particles such as clay and 
sand are present. These abrasive particles vvear rapidly and damage the valve seats and 
interior. Because the valves are made of high quality metal, there is almost no possibility of 
leakage and even large solid particles are sheared by the rotary shearing action of the shut-off 
valve and iniected into the liquid. 


Figure 7. Resistant to damaging particles. 


3. No vvorking gaps-Plug valves do not have gaps vvhere solids can settle and interfere vvith 
valve operation. The metal seats of these valves are also vvell protected from the effects of the 
environment, ensuring a longer life of the valve. 


Figure 8. In the absence of vvorking spaces. 


4. The leakage risk is very lovv compared to other types- these valves are characterized by a 
large metal sealing area. During operation, it is marked as zero, leakage and bubble closure. If 
there is potential damage to seating areas, it can be easily repaired by applying sealant (a 
substance used to prevent liquids from passing through surfaces, )oints or openings in the 
material). 
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Figure 9. VVhen the leakage risk is very lovv compared to other types. 
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XÜLASƏ 


Təqdim olunan işdə kipliyi yağla təmin olunan yüksək təzyiq altında işləyən tıxaclı 
siyirtmələrə baxılır. Məlumdur ki, bu cür siyirtmələr dəniz şəraitində sementləmə qurğusunda 
yüksək təzyiq altında sementin quyuya vurulmasında geniş istifadə olunur. Burada istismar 
prosesi zamanı tıxaclı siyirtmələrin hissələrinin sıradan çıxma səbəblərinə baxılır və bu 
siyirtmənin digər siyirtmələrə nəzərən ütünlükləri qeyd olunur. 

Açar sözlər: yüksək təzyiq, kiplik, siyirtmə, yeyilmə, konstruksiya, daxili diametr, gövdə, çat, 
texniki qulluq. 
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MULTICOMPONENT MEDIA IN TVVO-PHASE FLOVV 
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ABSTRACT 


The obiective is to develop design methods and codes for computer aided design of heat 
exchangers vvith multicomponent condensing/evaporating mixtures in one- or tvvo-phase flovv. 
Flovv pattern and transport coefficients are determined section by section using an equation of 
state for stability analysis, flash calculations and prediction of thermodynamic properties. 
Keyvvords: heat exchangers, evaporation, boiling, cooling, shell-and-tube apparat, 
multicomponent mixtures. 


Scope: The paper deals vvith computer aided design of heat exchangers vvhere the heat 
exchanging media are multicomponent mixtures in one- or tvvo-phase flovv. The cold fluid 
enters the equipment as a subcooled liquid, and the hot fluid enters as a superheated vapor. 
Condensation vvith condensate subcooling takes place in the vvarm fluids, and evaporation 
vvith vapor superheating occurs in the cold medium. A reliabel solution of this complicated 
problem involves comprehensive iterative calculation requiring a computer. 

The computer program has a modular structure vvhich means that it can be used for solution 
different types of problems such as designing nevv heat exchangers or calculating nevv 
applications of existing exchangers, optimalization ets. 

The design principles are demonstrated by means of an example (Figures 1 and 2) shovving 
the design of a nevv vertical shell-and-tube heat exchanger in vvhich a boiling mixtures of 
hydrocarbons is heated in counterflovv by a mixture of hydrocarbons condensing in the shell. 
The concentrations of hydrocarbons up to C: are knovvn from chemical analysis. The heavy 
hydrocarbons (from Ce and up) are characterized by pseudocomponents vvhich are defined 
from ASTM or TBP data. The computer program contains routines for conversion of ASTM 
to TBP data. Critical data are calculated for each pseudocomponent from average boiling 
temperature and density. These subroutines and some of the thermodynamic routines are 
based on a vvork by Rasmussen İ21. 

The heat exchanger is divided into N section since the overall heat transfer coefficient Ua is 
varying very much over the length of the exchanger. The heat transfer area is divided in such a 
vvay that the enthalpy change is the same in all sections. 

A stability analysis is performed for both media in each section (Figure 2). Flash calculations 
are performed if the stability analysis predicts a tvvo-phasvv mixture. 

Stability analysis and flash calculations are performed by iterative procedures using the SRK 
equation of state. 

Thermodynamic properties of the multicomponent mixtures (heat capacity, thermal 
conductivity, viscosity, heat of evaporation, surface tension) are calculated for the 
temperature, pressure and composition in each section. 
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Temperatures balances in tubes and shell are calculated for the next section from enthalpi 
balances (Equation (9)). 

The flovv pattern must be identified in each section since heat transfer coefficients and friction 
factors are different for one-phase flovv, bubble flovv, slug flovv, chum flovv, annual flovv etc. 
The next step is to calculate heat transfer coefficients in tubes and shell, overall heat transfer 
coefficient, heat transfer area, height of section and pressure drop. Then the mean pressure in 
tubes and shell can be calculated for the next section from momentum balances. 

In this vvay the heat exchanger is calculated interatively section by section and the total heat 
transfer area is found by simulation. 


Design principles: The heat exchanger is divided into N sections vvith identical enthalpi 
change: 


AH, x 77 —” Hın)/N -— (Hzin m Həur)/N (1) 


From an enthalpi balance (Figure 1): 


AH, — (Cı — Bı. ıb ənla T AA (2) 
vvhere 

m BA (Bi  5n-i)/2 Bazı (3) 

Conu m (457 Rə Ci n-a)/2 - Cpn-ı, (4) 

Cəm) m (Cu — (m-4ə)/2 Cp,n-ıy (5) 

AT — Tn —Tn-ı (6) 

An (An £.42-i)/2 “Axı (7) 

AğR $a“ Pa-ı (8) 


The approximations in Equations (3) to (8) are valid for sufficienty small AH,. 
The temperature in section n can be calculated from the temperature in section n-1 using 
Equation (2): 


AHn-An- (98. -5n-x) 
T Sa "" TL 71—1 
z -.. T (1-8n-:)Cp,n-ı,(FPn-iCpon-ı,v 6) 


m Equation (9) Bi is also unknovvn, but assuming equilibrium betvveen the phases gives one 
more relationship betvveen Tn and $a. Consequently, they can be determined by iteration vvhen 
the pressure in section n is knovvn. 

The heat transfer area in section n is calculated from the design equation: 


AHn 
m Ud,nATməa (40) 
VVhere Ulan is calculated from the individual heat transfer coefficients in each section and 
ATma is the mean driving force for heat transfer in section n. 

Knovving A and geometry of the exchanger, the length AL, of the section can be calculated. 
Consequently, the pressure drop APaı and a nevv value of P, can be determined: 
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dP 
pud iz) ALL (11) 

Flutd 2 (superheated multicomponent Flutd 1 (superheated multicomponent 
vapor) Tə.z: Pain vapor) Tısut Prom 

— section nr1 .. — 

section n 
Fluid 2 (multicomponent gas-- əəə Fluid 1 (multicomponent gas- 
liqutd) Tələs Pöyar 0 7 ik . liquid) Tı: Pin 
—— R 


Figure 1. Example described in this paper. 


This nevv value of P, may be used for recalculation of Tı and Bı. 
The total heat transfer area is found by summation of the area in each section: 


A— zi An (12) 


The main features of the disign procedure are shovvn scematically in Figure 2. 
The methods used for stability analysis, flash calculation and prediction of heat transfer 
coefficients, pressure drop, physical properties etc. are in the sections belovv. 


Characterization of multicomponent media: The heat exchanging media in the example 
specified in Figure 1 are tvvo refinery streams. There are so many components in these media 
that it has been impossible (or at least not reasonable) to get a complete chemical analysis of 
the mixtures. Consequently, the media are described partly by vvell-defined 
pseudocomponents partly by pseudocomponents vvhich are characterized by means of data 
from ASTM 111 and TBP (true boiling point) distillation. The computer program contains 
routines for conversion of ASTM to TBR data. 

Using the TBP curve (Toy vs. €6 boil-off) for each medium, a number of pseudocomponents 
are defined by dividing the abscissa into sections. 

The compositions of the heat exchanging media are found by combination of chemical 
analysis and TBP-data 121. These components are present in both media: 

Hə, Cı, Cə, Gə, CA, iCa, Cs, “Cs, “Cs”, “C7”, “Ca”, “Cə”, “Co” and “Ci”. 

The densities of vvell-defined components (up to (Cs) are found in literature. The 
pseudocomponent densities are measured by means of a densitometer. 

Knovving average boiling point and density for each pseudocomponent, the critical data can be 
calculated as described belovr in the section “Prediction of Physical Properties”. 
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Teo phases 
Flash calc. 


l Calculate 
Col, Cpv, 2 
İ 


Caleulate T.., 


İdentification of 
flovv pattern 


Caleulated h 
Calculate shell side? 


No 


Caleulate U,, A,, 4L, 


İ Calculate 4P-dL and R, ) 


neN ?)— No —İ nen-l k 
yes 


Figure 2. Simplified flovv sheet for design example. 


Thermodynamics: The flovv pattern has a significiant influence on heat transfer and pressure 
drop. The first step in flovv identification for each section is to perform a stability analysis. If 
tvvo phases are present the next step is to determine the phase split by means of flash 
calculatins. 


Phase split calculations. The flash calculations are based on the Soave-Redlich-Knovvg (SRK) 
equation of state vvhich gives a good description of both phases in light hydrocarbon mixtures: 


RT . a (13) 


vb (v(veb) 


vvith a — Xi 7 yıyydıi and b: Xə yıbi (14) 
ai anayy(1 — ki) € anai) (15) 
since ki “- 0 for the hydrocarbons considered here 131. 


aa — 0.42748(R7T2// P,ı)1 k m)(1 — T/Ta)) (16) 


İ İ 
İ İ 
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b, — 0.08664 - RT,,/P,ı (17) 


m, — 0.480 H 1.574cə, — 0.176cə, (18) 


The phase split is calculated by means of the equilibrium factor Ki: 


Ki: yy/xi “ buy (19) 


hə, - (iə), —lar əə 2 


Equation (13) is inserted into (20): 


no, c -n İz (V — b)) əə xın (57) "Mdu  ” "(E- 1) T yax oan iz. ə. 


vvhere v is found from the cubic equation (13). 
Mass balances for a tvvo-phase stream consisting of F moles vvith overall composition z: 


Zi, By — (1 — 9)xi) (22) 
24y:— 24x-1—15—0 (23) 


The (2T-1) unknovn ($b,x,y) can be calculated from equations (19), (22) and (23) vvhich 
represent a set of (21:1) equations. 


Stability analysis. The flash calculations can be omitted in sections vvhere only one phase 
exists. Consequently, the calculations for each section in the heat exchanger start vvith an 
examination of the number of phases. This is done by a stability analysis (4): 

A mixture (1) vvith composition z is brought from a stable one -—phase region to phase 
equilibrium curve. The mixture becomes unstable and a corresponding phase (II) vvith 
composition zır is formed. The fugacities of the phases are identical: 


nzzq -k nən m mp -k möbin (24) 


Zi, Can be calculated from Equation (24). 

H Xoi — 1 the solution is on the equilibrium curve. If € zir € 1 the mixture is stable and is 
either a superheated vapor or a subcooled liquid. If € ziyy 5 1 the mixture is unstable and 
consequently split into tvvo phases. 

First it is investigated if the initial phase 1 is a liquid or a vapor. For a given set of P, T, a and 
b the cubic SRK-equation may have up to three roots: V,“V?“V3 vvhere vı “€ molar volume of 
İiquid and və € molar volume of vapor phase. The stable root is independified as the root 
corresponding to the smaller Gibbs energy: 
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G — RTİnP HE RTİnb (25) 
vvhere 
a v 


If phase 1 is found to be e.g. a liquid, then phase II is a vapor and (24) can be solved. 


Prediction of physical data: Physical data for the vvell-defined components are found in 
İiterature. For the pseudocomponents they are calculated by the metohds described belovv. 


Critical data, Critical data and molecular vveight for the pseudocomponents can de caculated 
by different methods. Here the Lee-Kesler correlations T151 for prediction of critical 
temperature and pressure, acentric factor and molecular vveight are used. The computer 
program also contains a routine for prediction of critical data by the method of Erbar 161 
vvhich is useful vvhen a PNA-analysis is avaiable for each fraction. 


Heat capacity. Vapor-phase mixtures: 


ö(H-HÜ)p,y 


Cı — XəviCı 3 ACyyres — ui Cə, .. (27) 


öT 
Co is calculated by the correlation suggested by 151 using the information from TBP and 
density measurements, and (H-H”) is calculated by means of the SRK equation of state. 
Liquid-phase mixtures: "The heat capacity of liquid mixtures is calculated by same principles 
as given in Equation (27). €? is calculated by the expression given in I51, ACE,,, can be 
neglected for T, € 0.8 according to 151. 


Heat of vaporization. 


Ac (H — 200 ıı (H — HƏ las. (28) 
(H-H”) is calculated from the equiation of state. 


Heat transfer and pressure drop: /Identification of flovv pattern. Figure 3 shovvs different 
flovv patterns in a heated tube. 

Identification of flovv pattern can be performed by means of stability analysis and different 
criteria for transition from one tvvo-phase flovv pattern to another. Heat transfer and pressure 
drop are calculated for the flovv patterns existing in shell and tubes in each section of the heat 
exchanger. A computer program using this method is being developed. 

The short-cut methods described belovv are used in the preliminary version of the computer 
program. 


Heat transfer: Tube side (cold, fluid, upvvard vertical flovv vvith vaporization): 
The analysis is limited to three flovv regions. This is a resonable approximation in most cases 
since the main part of flovv vvill usually be annular (Figure 3). 
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From the stability analysis it is knovvn vvhether the mixture consists of one or tvvo phases. The 
corresponding heat transfer coefficients are calculated in this vvay: 
Flovv region 1 (single phase liquid flovv): 


Nu, — 0.0155 - Re) 83 - Pr$5 (1 € Prçə) (29) 


According to Chen İ71 tvvo fundamental additive heat transfer mechanisms occurA A 
macroconvective mechanism assocliated vvith bubble nucleation and grovvth: 


hmacro € 0.023(Re, ”3(Prp)””(ki/da)F (xit) (30) 


VVhere F(xzz) € (Reyn, / Re))”” is a function of the Martinelli parameter vvhich is defined as: 


x - (Zənn “7” (Eİ” 


vveight fraction vapor pı Tə 


hlisi - .. 


Film E--apursiion: 


Sönqle-Phasır Veapur Fire 


Mlist Fivev 


Annular Fkve: 


s a ır 
Bu 
in. 


Conuesonive Besilisir 


ı krmnl Slug Pluu: 


i Flzsv 


————— 
in 
i 
z, 
.—. - m. .. 


in 
. 
Subzünlzd Nucleatc Bella " 


Figure 3. Flovv patterns in a heated tube. 


İİ Huhbly Vise 


i Subepulsl Foulling FEss 
Singk-Flere: Lügutl Fluu: 


The plot of F(xı) given by Chen is represented in the computer program by 


logF — cilogXkl “c, (32) 

F-io Xu € 01 (33) 

(c: cy) — (0.29248) 0.29248) 0.1 € Xi, € 033 (34) 
(cı: cə) — (0.66277:0.43983) 0.3 € Xi, € 6.0 (35) 
(cx: cy) — (0.72910) 0.38689) 6.0 € Xi, € 102 (36) 
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0.517,0.79 20.45 / 0.49 0.25 
(A1,v) ” ki” “Cpiopr 9 
o0.5402970.75 


hnicro € 0.00122 SAT099 (37) 


vvhere the suppression factor S is defined as the ratio of the effective superheat to the total 
superheat of the vvall: S — (AT,/A7)7””. S is plotted vs. Rey, in İ71. S(Rey,) is represented in 
the computer program by: 


S — cslog(Re,F175) kc, (38) 
(cs, ci) — (-0.56789, 3.24250) for 1.5: 107 o€ Re,F175 o 3:103 (39) 
(cs: ca) — (-0.54618, 3.14530) for 3 - 107 € ReşFT75 o 3-105 (40) 
(cs: ca) — (-0.11073), 0.75365) for 3 : 105 € ReşF175 c 8:105 (41) 


The resulting heat transfer coefficient is 
hz hmacro t hmicro (42) 


Nu, z 0.022: Reğ” “Pr)5 (0.5 € Pn €1) (43) 
Shell side (vvarm fluid, dovvnvvard vertical vvith condensation): 
h can be calculated using empirical or theoretically derived expressions. In the preliminary 
version of the computer program a very simple method for calculating heat transfer 
coefficients in each section of the heat exchanger is used. The conservative case of a laminar 
condensate film vvith thickness ö, is considered: 


ha m hin / ön (44) 


VVhere the film thickness ön is calculated from shell geometry and the volume fraction of 
İiquid in section n vvhich is determined by the flash calculations. 


dP fs” 
mn (45) 
Fanning”s friction factor for flovv inside tubes can be expressed analytically as: 
f ce 16/Re for Re x 1500 (46) 
f — 0.08 - Re7775 for 1500 € Re € 3107 (47) 
f — 0.046 - Re”72 for 3:10 € Re o 105 (48) 


The tvvo-phase mixture is treated as a single homogeneous phase vvith properties vvhich are 
calculated from vapor and liquid properties. 
For vertical flovv three contributions to pressure drop are considered: 
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dP — dPiyiction “. dPyravity "F dPazceleration (49) 
"nu dbi — 2fr,G?? 
Piieton: 27 (50) 


vvhere ? is the average specific volume of liquid“gas. fr, is a tvvo-phase friction factor vvhich 
can be calculated for tubes by Equation (51): 


fr, — 0.079(654,/0077?5 (51) 
Gravitation: 5£ — —2g — — 9/7 (52) 
ion: 7” — —ç ft — —g2.d9 
-.. Tam ır - . dl (53) 
v Uy 
2. 700.” (54) 


vvhere the liquid compressibility is neglected. 
Equation (49) to (540 are combined: 


2f1,G?v, Uy—Uy 26. — “dB g 
7 (raz he (2, vaar, (55) 


dL 1:67 İr 


Equation (450 can also be used for vapor flovv. 


Shell side: 

VVhen pressure drop in the shell is calculated by methods analoque to those for tubes, it is 
common practice to consider the complicated shell geometry by replacing d vvith dı and 
calculating the linear velocity su, “ vz, / (oz az) vvhere aş is the free flovv area for cross flovv 
over the tube bundle. The tube length is replaced vvith £” — (Npayyries b 1)D: vvhich is 
proportional to the length of the cross flovv path. A stepvvisvv calculation in axial direction can 
be performed by an iterative procedure using the approximation: 


AP AP ALı 
A” nər (56) 


Conclusion and significance: A modular computer code is developed for calculation of heat 
exchangers vvith condensing/evaporating multicomponent media in one- or tvvo-phase flovv. 

It has been used for calculation of heat exchange betvveen tvvo refinery streams, both 
containing Hə, Cı, Cə, Cə, C.. İC,, C:, Cs, “Cs”, “C7”, “Ca”, “Cə”, “Cu” and “Ci”. 
Temperature and pressure range: 350-800 K and 19-25 atm. 

Predictions of vapor mass fractons 8” by means of computer code are compared vvith 
measured values: 


Erin Pöcüt 
Predicated mass fractions: 0,365 0,633 
Measured by the refinery: 0,389 0,705 


İ l 
İ İ 
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Using the computer code for calculation of an unknovvn outlet temperature gives this results: 


Predicated: 754K 
Measured by the refinery: 753K 


The computer code has also been used vvith success for designing a 4000 m” heat exchanger 

for the same multicomponent mixtures. 

The design vvas performed using no other information than: 

1) Mass balance, 

2) Chemical analysis determining mole fraction Hə, Cı, Cə, Cə, Ca, iC,, Cs, iCs, 

3) ASTM and TBP laboratory data, 

4) Three terminal temperatures and pressure. 

The predicated and measured values described above are in good agreement. Consequently, it 

is concluded that the metods used for 

sv design, 

sv prediction of physical properties for the multicomponent mixtures by means of critical data 
for pseudocomponents (determined from ASTM and TBP, 

sə P-v-T correlation (SRK equation of state) 

Are vvell-qualified for the calculation of the temperature and pressure range 350-800 K and 

19-25 atm. 
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İKİ FAZALI AXINDA KONDENSLƏŞƏN/QAYNAYAN ÇOXKOMPONENTLİ 
MÜHİTLƏRİ ÜÇÜN İSTİLİKDƏYİŞDİRİCİNİN DİZAYNI 


Natiq Abbasov 
Assistent, “Sənaye maşınları” kafedrası, Azərbaycan Dövlət Neft və Sənaye Universiteti, Texnika elmlər 
namizədi, Azərbaycan. E-mail: natig.abbasov(2asoiu.edu.az 


XÜLASƏ 


İşin məqsədi bir- və ya ikifazalı axında çoxkomponentli kondensləşən/buxarlanan qarışıqlarla 
istilik dəyişdiricilərinin avtomatlaşdırılmış layihələndirilməsi üçün layihələndirmə metodla- 
rının və kodların işlənib hazırlanmasından ibarətdir. Axının strukturu və köçürmə əmsalları 
stabilliyin, ani hesablamaların və termodinamik xüsusiyyətlərin proqnozlaşdırılması üçün 
status tənliyinin istifadəsi ilə bölmənin arxasında bölmə ilə müəyyən edilir. 

Açar sözləri: istilik mübadiləsi, buxarlanma, qaynama, soyutma, qabıqqabı aparatı, 
çoxkomponentli qarışıqlar. 


TLH3AHH TETLUTOOBMEHHHKA C KOHHEHCHPYEOHMMMU CS 
/KHHHHUMH MHOTOKOMHOHEHTHBIMH CPE/ZAMH 
B A/BYXOA3HOM HOTOKE 


HarHnr A6öacoB 
AccnereHr, kadbeyipa clİpoMBİHETEHHBİC MaHİHHBD), AsepöafiyxaHnekni TocyzaperBeHHbli YHEHBepcrTeT HeoTv 
nv IpoMbiHTİEHHOCTH, KaH/İVVTaT TeXHHHECKHX Hayk, Asepöafiymkan, E-mail: natig.abbasov(2asoiu.edu.az 


AHHOTAHHSI 


He:ib pa6oTbi coCTOHT B pa3pa6oTKe METO/TOB TIPOEKTHPOBAHHS H KOZOB /UTSE: ABTOMATH- 
3HpOBaHHOTO TIPOCKTHpOBaHH51 TETUTOOĞMEHHHKOB C MHOTOKOMIHOHEHTHBIMH. KOH/HCHPy- 
YOHIHMHC3/HCTIapsEOTHHMHCS CMECSMH B O/ZHO- HTH. HiByXÖ)a3HOM TTOTOK€. CTpyKTypa rioTOKa 
H KO3Ğ))İİHHHEHTBI TIepeHOCa OTTpeyrezisroTCsi pa3yrezi 3a pa3ylenoM Cc VCTTOZİ53OBAHHEM ypaBHE€- 
HHS COCTOSHHS /UTİ: aHarH3a CTAÖVUIBHOCTH, BHE3aTIHBIX pacueTOB: H. TIDPOTHO3HDPOBƏHHİİ 
TEPMO,IHHaMHU€CKHX CBOHCTB. 

KinroueBble€ C/10B4: TETLUTOOÖMEHHHKH, HCTHTapeHHE, KHTİCHHE, OX/Ta5K//EHH€, KOXKYXOTPyÖHBİİ 
arırrapaT, MHOTOKOMIIOH€HTHBI€ CM€CH. 
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PAKERLƏRİN KİPLƏNDİRİCİ ELEMENTLƏRİNİN İŞ 
QABİLİYYƏTİNİN TƏHLİLİ 


Zenfira Hüseynli 
Dosent, texnika üzrə fəlsəfə doktoru, “Sənaye maşınları” kafedrası, Azərbaycan Dövlət Neft və Sənaye 
Universiteti, Azərbaycan. E-mail: huseynli z(örambler.ru 


XÜLASƏ 


Məqalədə layların ayrı-ayrılıqda istismarında, hidravlik işlərin aparılmasında, təmir işlərində 
qoruyucu kəmərlərin sementlənməsində, məhsuldar horizontların mənimsənilməsində, 
həmçinin istismarında quyuların daimi və ya müvəqqəti sahələrə ayrılmasında istifadə edilən 
pakerlər, onların kipləndirici elementlərinin təhlili barədə məlumat verilir. Pakerlərdən 
istifadənin effektivliyinə baxmayaraq onlardan geniş istifadə edilməməsi kipləndirici element- 
lərin aşağı iş qabiliyyətinə malik olmasıdır. Bu ən çox özünü xüsusi mürəkkəb şəraitlərdə, 
eyni zamanda kipləndirmə-istismar şəraitində göstərir, bu zaman kipləndirmə pozulur, 
kipləndirici material pakerin metal hissəsinə axır, rezin istismar kəmərinin divarına yapışır, 
bəzi hallarda nasos-kompressor borularının dartılması baş verir. Paker avadanlıqlarının 
işgörmə qabiliyyəti isə onun kipləndiricilərinin iş qabiliyyəti ilə müəyyən olunur. 

Açar sözlər: paker, maniet, kipləndirici element, kipləndirmə, işqabiliyyətlilik. 


Müasir dövrdə laylara süni surətdə təsir, bir quyuda layların eyni zamanda istismarı, neftin və 
qazın çıxarılmasının intensivləşdirilməsi geniş sürət almışdır. Bu tədbirlərin effektivliyi neft- 
mədən avadanlığının ayrılmaz hissəsi olan pakerlərin uzunömürlü və etibarlı işindən 
əhəmiyyətli dərəcədə asılıdır. 

Mürəkkəb təzyiq düşmələrinin təsir etdiyi şəraitdə, aqressiv mühit və yüksək temperaturda 
aparılan texnoloyi əməliyyatların çoxu pakerlərin köməyi ilə aparıldığından daha mükəmməl, 
elmi cəhətdən əsaslandırılmış etibarlı pakerləyici qurğuların işlənilməsi tələb edilir. Pakerlərin 
effektiv istifadəsinə baxmayaraq, onların geniş istifadəsi kipləndirici elementlərin aşağı iş 
qabiliyyətli olması səbəbindən mümkün olmur. Bu ən çox özünü, quyudakı layların eyni 
zamanda ayrılıqda istismarı şəraitində, əlaqənin pozulmasına gətirən xüsusi çətin şəraitlə 
xarakterizə edilən, kipləndirici materialın pakerin metal hissəsinin arxasına axmasında, rezinin 
istismar kəmərinin divarına yapışmasında, nasos kompressor borularına bağlanmış pakerin 
kipləndirici elementlərinin qalıq deformasiyalarından pakerin pərçimlənməsində özünü 
göstərir. 

Pakerlərin kipləndirici elementlərin iş qabiliyyətinin artırılması kimi mürəkkəb məsələlərin 
həlli yalnız bir neçə elm sahəsinin istifadəsi ilə mümkündür. Ən mürəkkəb hissə olan tədqiq 
sahəsində istismar kəmərinin divarları və kipləndirici elementin sərhəddində fiziki proseslərin 
getməsi sahəsində mexanizmin tədqiqi, eyni zamanda geolofi-texniki şəraitin kipləndiricinin 
iş qabiliyyətinə təsirinin öyrənilməsi aktual məsələdir. 

Rezin kipləndiricilər mexaniki, hidravliki və hidromexaniki prinsiplə işləyən pakerlərdə, 
eyni zamanda, kipləndirici elementləri “əlcək” (rukav) formalı olan pakerlərdə, hidroyarılma 
proseslərinin aparılması işlərində istifadə edilir. Konstruksiya cəhətdən rezin-metal 
kipləndirici elementlər bir tərəfinə metal başlıq vulkanlaşdırılmış bütöv silindr şəkilli rezindir. 
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Ölkəmizdə uzun illər ərzində, o cümlədən xarici ölkələrdə paker avadanlıqlarının və 
kipləndiricilərinin müxtəlif konstruksiyaları yaradılmış və tətbiq edilmidir. 

Müasir dövrdə pakerlərin köməyi ilə aparılan texnoloyi əməliyyatlar böyük təzyiq 
düşmələrində, yüksək temperatura malik və aqressiv mühitlər elmi cəhətdən əsaslandırılmış 
etibarlı paker qurğularının işlənilməsini tələb edir. Pakerlərdən istifadənin effektivliyinə 
baxmayaraq onlardan geniş istifadə edilməməsi kipləndirici elementlərin aşağı iş qabiliyyətinə 
malik olmasıdır. Bu ən çox özünü xüsusi mürəkkəb şəraitlərdə, eyni zamanda kipləndirmə- 
istismar şəraitində göstərir, bu zaman kipləndirmə pozulur, kipləndirici material pakerin metal 
hissəsinə axır, rezin istismar kəmərinin divarına yapışır, bəzi hallarda nasos-kompressor 
borularının dartılması baş verir. Paker avadanlıqlarının işgörmə qabiliyyəti isə onun 
kipləndiricilərinin iş qabiliyyəti ilə müəyyən olunur. Kipləndiricilər əsasən rezin material 
kimi, konstruksiya materialı olduğundan, bunların mədən şəraitində konstuksiyaları etibarlı 
deyil. Onların layihələndirilməsi elmi cəhətdən kifayət qədər (təmir quyuları üçün) 
əsaslandırılmayıb, kipləndiricilərin tribolofi parametrləri lazımi səviyyədə tədqiq olunmayıb. 
Ona görə də paker quruluşlarının kipləndirmə düyünlərində tribolofi parametrlərin tədqiqi və 
parametrlərin kipləndirmə effektini təyin edən meyarların seçilməsi aktual məsələdir. 
Bildiyimiz kimi paker avadanlığının əsas işçi orqanı onun kipləndirmə duyunu olan, 
kipləndiricisidir. Pakerin kipləndirici elementlərinin iş qabiliyyətinin yüksəldilməsi 
məsələsinin kompleks həlli bir neçə elm sahələrinin qovuşması ilə mümkündür. Ən mürəkkəb 
məsələ fiziki proseslərin tədqiqi zamanı kipləndirici qurğuların istismar kəmərinin divarı ilə 
kipləndirici elementin sərhəddində iş mexanizminin araşdırılması, həm də geolofi-texniki 
şəraitin kipləndiricinin iş qabiliyyətinə təsirinin öyrənilməsidir. Ancaq bu proseslərin dərindən 
öyrənlməsi sayəsində və kipləndirici elementlərin optimal quruluşlarını yaratmaqla borular 
arası fəzada tam hermetikləşdirməyə nail olmaq mümkündür. 

Neftin çıxarılmasının texnika və texnologiyalarında, quyuların yeraltı və əsaslı təmirində T11 
borulararası fəzanın kipləndirilməsində kipləndirici quruluş olan pakerlərdən geniş istifadə 
edilir. Belə ki, köhnə quyular əsasən ştanqlı quyu nasosları ilə istismar olunur və bu səbəbdən 
onların istismar kəməri zədələnmiş olur. Bu isə bir sıra mürəkkəbləşmələr yaradır. Çünki 
quyunun zədəli hissəsinə axan mayenin (neftin) kəmərə dolması istismar refimini poza bilir. 
Ona görə də quyu daxilindəki istismar kəmərində yaranan zədələri izolyasiya (şək.1,2) etmək 
üçün həm Respublikamızda T21, həm də xaricdə müxtəlif pakerlərdən istifadə olunur. Bütün 
quruluşlar üçün iş qabiliyyətini təyin edən onun kipləndirici quruluşudur, onun etibarlığı 
kipləndirici materialın fiziki-kimyəvi xassələrindən, kipləndirici düyünün konstruksiyasının 
təkmilləşdirilməsindən və kipləndirmənin texnologiyasından asılıdır. 

Ümumi halda kipləndirici düyün kipləndirilən pakerin lüləsindən, kipləndirici elementlərdən, 
dayaq və aralıq şaybalardan ibarətdir. Quyu şəraitində istismar kəmərinin kipləndirilən 
səthinin vəziyyəti eyni deyil və quyudan quyuya dəyişir. Bu səbəbdən pakerin kipləndirici 
düyününün iş prinsipi kipləndirilən səthin araboşluğunda və ayrılan qaz-maye mühitin 
xarakterinə uyğun dəqiq verilmiş hədlərdə əsaslandırıla bilinmir. Bu quyu pakerinin iş 
şəraitinin digər kipləndirici quruluşlara nisbətən əhəmiyyətli dərəcədə fərqli olduğunu 
göstərir. 

Kipləndiricilər — rezin T31 protektorlu və rezin-metallik — mexaniki, hidravliki, hidromexani- 
ki hərəkət prinsipli pakerlərdə istifadə olunur, həm də kipləndirici elementin deformasiyasının 
partlama enerfisi hesabına baş verdiyi kipləndirici quruluşlarda (vzrıvnoy paker) istifadə 
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edilir. Konstruksiyasına görə rezin -metal kipləndirici elementlər bir tərəfinə metal başlıq 
vulkanlaşdırılmış bütöv rezin silindrdən ibarətdir. Paker oturdulan zaman boruların çəkisinin 
sıxıcı yükünün təsirindən metal başlıq dayaq şaybasına yaxınlaşır və rezin kipləndirici 
elementi deformasiyaya uğradılır, bununla kipləndirmə yaradır. Bu kipləndirmə növü 
mexaniki iş prinsipinə malik pakerlərdə yayılmışdır. Onlara TIH, ITH-M, IIH-31M pakerləri 
aiddir. Hidravliki, hidromexaniki hərəkət prinsipli pakerlərdə kipləndirmə deformasiyası 
manietlərə hidrostatik təzyiqlə yaradılan mexaniki sıxılma nəticəsində baş verir. Bu cür tip 
konstruksiyalara Beyker firmasının, Otis və başqa firmaların pakerlərində rast gəlinir. Belə 
kipləndirmə konstruktiv cəhətdən silindrik rezin man/et və ya mahnietlərdən ibarət olub, 
pakerin lüləsində yığılaraq pakerin lüləsi ilə istismar kəmərinin arasında məhdudlaşdırılmış 
fəzada iki metal detal (şayba) vasitəsilə sıxılır. Deformasiya nəticəsində yaranan təmas 
təzyiqdən rezin borulararası fəzanı örtür. 


Dərinlik nasosu 311H 


ə fi 
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Şəkil 1. Quyuların yeraltı nasos avadanlığı ilə istismarında axın zonasının iki pakerli 
komponovka ilə izolyasiya texnologiyası. 


Rezin-metal kipləndirici elementlərin əsas çatışmayan cəhəti — metal başlıq sərhəddində ağır 
mürəkkəb iş şəraitidir, gərginliklərin konsentrasiyasıdır, vulkanlaşdırılmış hissədə qatlara 
ayrılmasıdır ki, bunların nəticəsində rezinin bütövlüyü pozulur. Pakerlərdə rezin materiallı 
kipləndirici elementlərin iş qabiliyyətinin yüksəldilməsində uclarda kənar elementlərin daha 
bərk rezinlərdən istifadə edilməsi yaxşı nəticələr vermişdir. 
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Şəkil 2. Zədələnmiş quyu lüləsinin istismarı. 


İşçi deformasiyasından asılı olan rasional hündürlüyün və diametrin təyin edilməsi, quyunun 
və pakerin lüləsinin diametrinin öyrənilməsi 141 sahəsində aparılan işlər maraq doğurur. Buna 
baxmayaraq, gərginliklərin konsentrasiyası zonasında kipliyin pozulma məsələləri quyuların 
təmirində istifadə olunan pakerlər üçün tədqiq olunmamışdır, belə ki, pakerlərdə kipləndirmə 
xarici rezin örtüyün oturdulan istismar kəmərinə möhkəm sıxılması və daxili izafi təzyiqin 
təsiri hesabına baş verir və kipləndirici elementlərinin çatışmayan cəhətləri yuxarıda yazıldığı 
kimidir. Bundan əlavə çıxarılan mayedə qum olanda o pakerin lüləsi ilə daxili divarın novuna 
çökür, nəticədə paker çıxarılarkən nov əvvəlki vəziyyətinə qayıda bilmir və onun qaldırılması 
çətinləşir. 

Hərtərəfli sıxılma zamanı rezin praktiki olaraq bütün təzyiq düşgülərinə tab gətirməlidir. 
Lakin, təmirə ehtiyacı olan quyularda istifadə olunan pakerin gövdəsi ilə istismar kəmərinin 
daxili səthində qaldırıb-endirmə əməliyyatlarının həyata keçirilməsi üçün lazım olan 
araboşluğunun mövcudluğu, kipləndırmə materialını presləyərək oxboyu sıxaraq bu 
araboşluğuna doldurur və onda təmas gərginliklərini yüksəldir. Sıxılmış material dağıla bilər, 
belə ki, rezinin dağılmaya möhkəmlik həddi çox böyük deyil, həm də qalıq deformasiyasına 
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görə boruların qaldırılması zamanı bu zonada qala bilmir. Beləliklə, bu tip kipləndirici 
elementlərin işi zamanı etibarlı hermetikləşdirmə əldə etmək üçün rezinin araboşluğuna 
axmasının qarşısını almaq lazımdır. Bu məqsədlə 15) işlərdə və “Kamco” “Laynes”, “Otis” və 
digər firmaların kipləndirici düyünlərinə sıxılmanı məhdudlaşdıran əlavə manietər geydirilir. 
Bu tipin ən rasional konstruksiyası kimi patenti pakerin konstruksiyasını göstərmək olar ki, 
bunlarda kənar manietlər yüksək möhkəmliyə malik olub, dayaq həlqələri rolunu oynayırlar. 
Bəzi paker konstruksiyalarında “Kamco” firmasının endirilmə zamanı manietlərin kipliyinin 
pozulmasının qarşısını almaq üçün qoruyucu gövdədən istifadə edilir ki, bunlara qabaqcadan 
özükiplənən manietlərin elastik örtüyü quraşdırılır. Təyin olunmuş intervalda lülənin quyuya 
quraşdırılmasında gövdə mayenin təzyiqi altında çıxarılır. Qoruyucu tərtibatların çatışmayan 
cəhəti onların çətin hazırlanması, gövdənin çıxarılmasının çətinliyi, birdəfəlik istismarıdır. 
Həmçinin pakerin quyuya endirilməsindən sonra manietlərin yeyilməsinə görə hermetiklik 
zəifləyir. Bu halda özükiplənən manietlərin iş şəraiti bir az yaxşılaşır. Özükiplənən 
manietlərin istifadəsinin üstünlüyü lülənin istənilən hissəsində lövbər qurğusu istifadə 
etmədən pakerləşdirmə, konstruktiv hazırlanmasının çətin olmaması, istismar vaxtı kifayət 
qədər böyük təzyiq olmayan düşgülərinə tab gətirə bilməsidir. 

Quyuların təmirində istifadə olunan pakerlərin rezin kipləndirici elementlərinin bütün növləri 
üçün xarakterik cəhət uzun müddətli istismar reyimində relaksasiya proseslərinin 1 inkişaf 
etməsidir ki, bu da kontakt gərginliklərinin düşməsinə, axmalara, hermetikliyin pozulmasına, 
qalıq deformasiyanın artmasına səbəb olur. Bu halların aradan qaldırılması pakerlərin iş 
qabiliyyətinin artmasına birbaşa müsbət təsir edir . 


Nəticə: Paker quruluşlarının kipləndirici elementlərində kipləndirmə alınmasında qüsurların 
olması təsdiqlənmişdir ki, bu da onların işqabiliyyətinin aşağı düşməsinə səbəb olur. 
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ABSTRACT 


The article provides information about the packers used in the separate operation of reservoirs, 
hydraulic engineering, cementing protective belts during repair vvork, the development of 
productive horizons, as vvell as vvhen dividing vvells into permanent or temporary sections, 
analyzing their sealing elements. Despite the effectiveness of the use of packers, their 
insufficient distribution is associated vvith lovv performance characteristics of the sealing 
elements. Most often this occurs in particularly difficult conditions, as vvell as in sealing and 
operating conditions, vvhen sealing is broken, the sealing material flovvs into the metal part of 
the packer, sticks to the casing vvall and, in some cases, pulls up the tubing. The operability of 
the packer equipment is determined by the operability of its sealing elements. 

Keyvvords: packer, cuff, sealing element, sealing, the efficiency 
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AHHOTAHHS 


B crarbe rpHB€/H€HBI CBeH€HH4 O TIaKepaX, TIPHM€HSEMBIX TIPH pa3H€BHOH ƏKCİNTyaTaH 
ILTaACTOB, THADODAa3DBIBaX, HEMCHTHDOBaHHH o6ca/HzHBıX KO/HOHH HpH P€MOHTHBbIX pa6orax, 
OCBOCHHH HpO/HYKTHBHBIX TODH3OHTOB, a TaK?K€ pH pa34eneHHH CKBa?KHH Ha HOCTOZHHBIC 
HTH BpeM€HHBI€ yuaCTKH, aHa/H3€ HX TeDPMETH3HPyTOHİHX ƏZTİEMEHTOB. HecMoTpsi Ha əd)dek- 
THBHOCTBP IIDHMEHCHH3 TIAKEpOB, VX HE//OCTaTOuHO€ pacrıpocTpaHeHH€ CBS33HO C HH3KHMH 
ƏKCINIyaTaHHOHHBIMH XapaKTeDFHCTHKaMH YILTOTHHTEC/IBHbIX ƏH€EMCHTOB. Uame BCECTO ƏTO 
HpOsB/ETC4 B OCOÖBIX C.TO?KHBIX YCHOBHS3IX, a TaAK?KC B YCTOBH4X TEDMETH3aHEHH H ƏKCIUIy- 
aran, KoTHNa TePMETH33HH53 HapyıH€Ha, TepMETH3HPyEOHIHH MaTepHa/ı 3aTeKa€T B METAVUIH- 
ueCKytO HacTb TTaKepa, pe3rHa rpE/mmaeT K CTEHK€ ƏKCİUTyaTaLMOHHOİ KOHOHHPİ HB HEKOTO- 
PbIX C/TyuasX pacTaTHBa€T HaCOCHO-KOMTIpPECCOPHBİ€ TpyÖBİ. Pa6oTocrrocOÖHOCTB TIaKeDHOTO 
o6opyzoBaHH3 orrpezeviseTcs pa6oTocrOCOĞHOCTBEO €TO YILTOTHHTEZİBHBİX Ə2I€MEHTOB. 
K-rroueBble C/10Ba: TTAKEP, MAH?KCTa, YILTOTHHTCVIBHBİH: Ə71eMEHT, YILIOTHEHH€, pa6oTO- 
CIIOCOÖHOCTP. 
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ABSTRACT 


At present, rod deep pumps are the basis of equipment vvidely used in the oilfield industry. 
These pumps are underground equipment of the rocking machine. Due to its vvide application, 
solving problems during its operation is one of the most important and topical issues. 
Depending on the main characteristic features, oil vvell depth pumps are manufactured in 
various sizes and shapes. The research vvork studied the influence of sand on the operation of 
the depth pump, the accumulation of a large amount of gases at the inlet of the pump, vvear on 
the vvorking surfaces of the plunger, eylinder and valves, etc. 

Keyvvords: rod vvell pumps, vvear resistance, underground repair of vvells, operational 
indicators, refusals of pump elements. 


Introduction: A large number of equipment and installations are used in the oil industry of 
modern Azerbaifan. Each of these devices has largely specific characteristics in the oil 
refining industry. This equipment is subfect to vvear and tear after a long period of use. This 
leads to the fact that they quickly are out of order. One of the main types of equipment used in 
the oilfield industry is a depth pump (Fig. 1). 

The prospects for the development of the oil industry provide for a further increase in oil 
production. An exceptional role in this task is played by the technique of operating oil vvells, 
including rod vvell pumps. For about a hundred years in our republic, rod vvell pumps have 
been vvidely used in the operation of oil vvells, especially in lovv-debit vvells (up to 5 m”/day) 
vvells, average debit vvells (up to 100 m”/day) , and vvithin the capacity of a pump of high 
debit vvells (up to 500 m”/day) vvells. 

During this period, rod vvell pumps have gone through a large stage of development and their 
design has been improved in accordance vvith the requirements of operating conditions. It 
should be noted that although the current state of rod vvell pumps is considered satisfactory, 
there are a number of problems in their operation associated vvith the deterioration of 
operating conditions. 

These problems include lovv vvear resistance of the eylinder-plunger pair, riveting of the 
plunger inside the eylinder, frequent failure of individual pump elements, sensitivity to the 
physical and mechanical composition of the produced oil and lovv practical productivity, etc. 
These problems have alvvays existed during the existence of pumps and continue to exist 
today. Therefore, the solution of these problems is of particular importance in oil production 
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Figure 1. Depth pumps. 

a) R — pump unit of insert type, b) T - pump unit of non-insert type: 

1 — rocking machine, 2 — compactor of the upper part of the vvell, 3 — column of pump- 
compressor tubes, 4 — column of rod pumps, 5 — lock support, 6 — borehole pumps, 

7 — filter, 8 — suction valve, 9 — discharge valve, 10 — plunger, 11 — con-rod, 12 — crank, 

13 — electric motor, 14 — reducer. 


Purpose of the study: Rod vvell pumps are used vvhen lifting oil to the surface from vvells up 
to 3000-3500 m deep. Under such conditions, rod vvell pumps face great difficulties. Failures 
Of pumping elements are often observed, especially vvhen operating deep vvells. On average, 
the overhaul period of the pump is 30-35 days. Given the scale of underground vvell repairs in 
connection vvith the replacement of the pump at the “AzNEFT” Production Association, it is 
necessary to emphasize once again hovv important it is for the economy of the oilfield industry 
to solve the problems vve have mentioned. 

Currently, about 8096 of the vvells operated in the oil fields use deep pumps. The use of deep 
vvell pumps has several advantages: 

1. VVith the help of drill rod pumps, it is possible to operate vvells that pump less oil. 
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2. Repair of drill rod pumps is simple, and these pumps can be easily installed, including 
mechanization of these vvorks. 

3, Less means is needed to install and operate deep pumps. 

The advantages indicated by us increase the use of deep vvell pumps in the operation of 
oilfield equipment and in the oilfield industry. 


Methodical base of the study: In real conditions, the lovv main vvorking indicators of a deep 
pump are explained by the fact that the eylinder of a deep pump unit is filled vvith liquid. One 
of the most important factors affecting the degree of filling of the eylinder vvith liquid is the 
presence of gas in the product. The normal operation of the pump is ensured by its decrease to 
a certain level belovv the dynamic one. İn this case, the liquid at the pump intake contains both 
free and dissolved gases. 

One of the factors affecting the operation of a rod deep pump is gas. The presence of a large 
amount of gas at the pump inlet generally reduces the performance of the pump, and in most 
cases leads to a decrease in supply, and sometimes to interruptions. The influence of the gas 
on the suction liquid is determined by the filling ratio of the eylinder. VVhen the plunger 
moves upvvards, a gas-liquid mixture enters the pump eylinder, and as the volume increases 
under the plunger, the free gas expands and the dissolved gas is released. 

Under the influence of gas, the filling ratio of the pump decreases, since the gas occupies part 
of the eylinder and expands vvhen the plunger moves dovvn. This reduces the efficiency of the 
pump. The filling ratio of the pump increases vvith increasing volume of gas contained in the 
mixture, as vvell as the path of its flovv. VVhen the plunger moves dovvn, the gas-liquid mixture 
under it is compressed to a sufficiently high pressure above the plunger İ21. 

There are many vvays to combat the harmful effects of free gas. The main method of struggle 
is to reduce the amount of gas in the liquids entering the pump. As the pump immersion depth 
increases from the dynamic level, the pressure at the pump inlet (Pin) increases, and as a result, 
the volume of free gas due to compression decreases and more gas dissolves in the oll. If the 
pressure at the pump inlet (Pin) is greater than the saturation pressure of oil vvith gas, then 
there is no free gas at this depth at all, i.e. the harmful effects of gas are completely excluded. 
One of the modern problems of the deep pump is the vvear of its parts. Over time, the vvorking 
surfaces of the plunger, eylinder and valves vvear out, and as fluid leakage around the plunger 
increases, the tightness of the plunger installation and, vvith it, the performance of the pump is 
significantly reduced. Under normal vvear conditions, the annular gap evenly and gradually 
increases, in connection vvith this, the filling factor of the pump in the inter-repair period 
during its normal operation decreases even 2 times lovver than internal leaks. 

In such conditions, depending on the vvear of the bushings, nevv plungers of a slightly larger 
diameter can be used. VVorn plungers are recommended to be reused in small size eylinders. 
The repair dimensions of the plungers differ from the nevv dimensions up to mkm. This allovvs 
the pump to be started by moving this plunger inside another eylinder. 

Sand struggle is one of the most important problems in vvell operation. Sand coming vvith oil 
from the reservoir causes clogging bottom of the vvell, 

At the same time, it emergence contributes to the follovving negative causes: 

1. The plunger is attached to the pump eylinder, 

2. Premature vvear of pump parts and lifting pipes. 

3. Violation of the balance of the rocking machine. 
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4. Increase in hydraulic resistance. 

Fine sand, vvhich, together vvith oil, gets on the rubbing parts of the pump, has a particularly 
destructive effect. Sand particles, getting into the gap betvveen the plunger and the eylinder, 
lead to a faster failure of the pump. 

Grains of sand, even vvith very small leaks in the compressor-pump tubing, quickly erode the 
fluid flovv channels in the grove ?oint and simultaneously expose the drill rod surfaces and the 
inner surface of the compressor-pump tubing to severe vvear and tear. If the vvell is stopped for 
a short period of time (10—20 minutes), the plunger may be fastening to the pump, there may 
be a large amount of sand deposits in the pump, and drill rods may be fastening in the tubes. 
The reverse flovv of liquid due to the abrasive action of the sand reduces the feeding of the 
pump. The formation of a sand plug, replacement of the pump and flushing of the plug leads 
to premature repair 13, 41. 

Here are some vvays to deal vvith sand: 

1. Prevent sand from entering the vvell from the formation: 

To do this, it is necessary to install special filters of various designs at the bottom of the vvell, 
In this case, it is necessary to strengthen the bottomhole zone of the vvell, 

2. Regulation of fluid production from a vvell: 

This prevents the ingress of sand into the bottom of the vvell or reduces the ingress of sand. 

3. Connect compressor-pump tubing shanks to the lovver end of the pump. 

4. Application of special pumps: 

Currently, nevv design pumps are used to protect the high vvear-resistance and rubbing 
surfaces of plunger eylinders. Plungers of high vvear-resistance pumps made of hard alloy or 
require a chrome-plated nitrating bushing. 

5. It is important to use various protective means, sand anclhors, filters and separators to 
reduce the amount of sand entering the pump. 

Depending on the nature of the sand, the follovving equipment should be installed at the pump 
inlet: 

1. If there is little sand and gas, then a filter is installed, 

2. If there is less sand and more gas, then a gas anchor is installed, 

3, If there is more sand and less gas, then sand anchor is installed, 

4. If there is a lot of sand and a lot of gas, then sand anchor is installed. 

The high volumetric density of sand increases the abrasive vvear of underground equipment, 
and vvhen the rocking machine is stopped, a large amount of sand settles on the bottom of the 
vvell and pipes, and at this time a sand plug is formed that clogs the drill rods and pumps. 


Discussion of the obtained results: The main vvorking bodies of a submersible pump are a 
plunger, a eylinder, a rod, a saddle-ball of pair, a valve, etc. İt is possible to increase the 
performance of the pump by ensuring its reliability and durability. The reliability and 
durability of these parts depend on the maintenance carried out behind them and at the same 
time, the period services. Plunger, eylinder, a rod, a saddle-ball of pair, valve, etc. are the 
main vvorking parts of the deep pump. By ensuring its reliability and durability, the 
performance of the pump can be improved. The reliability and durability of these parts 
depends on their maintenance and, at the same time, their service life. 
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XÜLASƏ 


Hal-hazırda neft-mədən sənayesində geniş tətbiq olunan avadanlıqların əsasını ştanqlı dərinlik 
nasosları təşkil edir. Bu nasoslar manacanaq dəzgahının yeraltı avadanlığıdır. Geniş tətbiq 
olunduğu üçün onun istismarında baş verən problemlərin həll olunması vacib və aktual 
məsələlərdən biridir. Dərinlik nasosları neft quyularının əsas xarakterik xüsusiyyətlərindən 
asılı olaraq, müxtəlif ölçüdə və formada hazırlanırlar.Tədqiqat işində dərinlik nasosunun işinə 
qumun təsiri, nasosun girişində çoxlu miqdarda qazların toplanması, plunferin, silindrin və 
klapanların işçi səthlərinin yeyilməsi və s. kimi hallar araşdırılaraq, öyrənilmişdir. 

Açar sözlər: ştanqlı quyu nasosları, yeyilməyə qarşı müqavimət, quyuların yeraltı təmiri, 
istismar göstəriciləri, nasos elementlərinin imtinaları 
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AHHOTAHHS 


B HacTOsIH€€ Bp€M51 HTTAHTOBBIC T?TyÖHHHBIC HaCOCBI COCTABİISEOT OCHOBy OÖOpy/LOBaHH3Sİ, 
HHpOKO TIDHMEHS€MOTO B H€İ)TeTIPOMBIC/TOBOİİ oTpacııM. ƏTH HaCOCBİ 3B/13YO0TC3 T10//13eMHBIM 
o6opy/roBaHH€M CTaHKa-KaHarıKH. B cBs3H € €TO HİHPOKHM TİDHMEHEHH€M pe€T€HH€ TIpOÖNEM 
TIPH €TO ƏKCILTyaTaHHH. 3B/136TC3 OIHHM H3 HaHÖON€€ Ba?KHBIX H AKTYa/IBHBİX BOTİPOCOB, B 
3ABHCHMOCTH OT OCHOBHBIX XapaKTepHCTHK CKBa?KHHHBIC T:TyÖHHHBI€ HaCOCBI H3TOTAB- 
THBaTOTC3 pa3/HuHBIX pa3MepoB H dopM., B vecneyoBaTe/iBCKOH pa6oTe H3yuarnocB B/HSHH€ 
recka Ha pa6oTy TTyÖHHHOTO HaCOCa, CKOTETEHH€ ÖO/lIBIHOTO KOZMUECTBa Ta3OB Ha BXO/IC B 
Hacoc, H3HOC pa6ouHXx T1OBePXHOCTC€İ TEUTyH?Kepa, HVUTHENpa H KTaTaHOB H HD. 

KurroeBble C/10Ba4: HTTAHTOBBİ€ CKBaA?KHHHBİC HƏCOCBİ, H3HOCOCTOİİKOCTB, T10/13eMHBİİİ 
P€MOHT CKBA?KHH, ƏKCTLUTyaTaLHMOHHBİC TTOKa33T€/IH, OTKa3bI HACOCHBİX ƏHCMEHTOB. 


DOl suffix: 10.36962/ETM10022022-28 


ə EQUIPMENT. TECHNOLOGİES. MATERTALS 


ETM 


VOLUME 10 ISSUE 02 2022 


FACTORS AFFECTING THE DEVICE RECOVERING DAMAGES 
FORMED IN THE CASINGS 


İSevda Aliyeva, Irada Karimova, "Vafa Pashayeva 

"Associate professor, department of “Mechanics”, Azerbaiyan State Oil and Industry University, Azerbai)an. 
E-mail: sevda.aliyeva.66(Əbk.ru 

“Assistant, Department of “Mechanics", Azerbaiyan State Oil and Industry University, Azerbaiyan. 

E-mail: irada.karimova1993(2)gmail.com 

SAssistant, Department of ”Mechanics”, Azerbaiyan State Oil and Industry University, Azerbaiyan. 

E-mail: pashayeva.vafa 1960(2 gmail.com 


ABSTRACT 


The article is about the development of the design of the device inspecting drilling and 
operation pipelines for tightness and recovering damages and identifying factors affecting it. 
The article examines the mechanics and causes of landslides in mountain. The main purpose 
of designing a device for inspection of drilling and operation pipelines for tightness and 
recovering is to identify the damages formed in the vvell profile as a result of sliding and 
ensure vvays of its elimination by applying this device. 

Keyvvords: seismic vvave, systematic error, distortion, interval, dispersion, separate. 


Relevance of the problem: Currently, drilling and operation of deep oil and gas vvells in the 
Republic of Azerbailan is one of the most important issues. Considering that our country is a 
seismic zone, vve can say that the impact of landslides and earthquakes occurring in sea and 
land on pipelines used in vvells is inevitable. Naturally, vibrations that occur in the ground 
layer caused by landslides lead to damage of the casings. Therefore, it is important and urgent 
to develop the design of the device to recover damages in these casings. 


The purpose of the study: Determination of indicators affecting layers in the zone of a 
certain depth of the Earth"s crust, development, testing and implementation of the construction 
of the device that inspects the drilling and operation pipes for tightness and recovers damages 
to the casings. 

It is knovrn that the model of the Earth structure has been adopted as shovvn in Figure 1.1. 
This model is called The Bullen model. As the depth of the EFarth"s crust increases, it becomes 
possible to determine the exact distribution of its density by measuring the free oscillations of 
the Earth and the speed of propagation of seismic vvaves as a result of strong earthquakes 111. 
In many zones of the Earth, landslides occur as a result of the gravity force of the Farth"s 
crust, hydrostatic pressure and seismic events, vvhich are also called sliding surfaces. Sliding 
can occur on one or more surfaces. Sliding surfaces may be on similar and inconspicuous 
rocks İ11. 

If the driving force is greater than the holding force in the equilibrium place, then the sliding 
is inevitable. It can be expressed as follovvs: 


2 T-f2.Neeı () 


İ İ 
İ İ 
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VVhere 2. - P is the force of gravity, directed to the sliding plane and keeping the rock mass 
in equilibrium, f — tgçp - coefficient of Internal Sliding angle, EL is the length of the existing 
or probable sliding plane. 

Naturally, vibrations that occur in the ground layer as a result of landslides lead to damage to 
the casings used in drilling. Therefore, it is important to develop the design of the device to 
recover the damages to these casings 111. 


Long vvaves. Velocity Densmy () 
YE 


Earth enust Depth (mn) 
vı “eiik : Quick x— Upper -—-— sor) Stone rocks 
mcreseof)  ....-------.... 200 
density r 57 . £ Ultra based roecks 
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ı .—— 4 
nucleus 
İ . Solid metals 
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Figure. 1.1. Model of Earth structure. 


In order to make the construction of such a device, first of all it is necessary to conduct its 
calculation. VVhen carrying out the calculation, the limit vvhich the casing can vvithstand is 
determined. If vve denote the inner diameter of the casing by di, the external diameter by d,, 
the extensibility voltage of the casing material by o,, the Young module - E, the Poisson 
coefficient by u, the internal pressure Pi, the external pressure P,, vve define the flovv condition 
Of the material for the flat tension situation shovvn in Figure 1.2 as follovvs İ11: 


ə) 
Ul 
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Figure 1.2. Flat voltage status of the casing. 


Öt 0, 
"x — ? ell (2) 


According to Lyame"s formula 121 


a?P, — b”P, (P, — P.)a”b” 


- zü. 3 
Or b2—g2 r2(b2 — a2) (3) 
a?P, .. b”P, (P, si P,)a”b” 
dö B5— 2 r2(b2 — a2) 


Since r — q is adopted for the inner surface of the pipes 
.0-bı.. (-bo)b” 


Ora2-az  2(02-a5) 
a?P, — b7P, (P, — P,)b? 
Ə GET) 
If vve vvrite these values instead in (2), vve get: 
2 
sn (3) 
From here, for the pressure arising inside the pipe 
pu 
P: x Tn TF (4) 
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By analogy, for the pressure outside the pipe is the follovving obtained 


bz — az 
a? 


P, x ÜfL -—P. (5) 


P, calculated by formula (5) since b 5. a, (4) vvill be greater than P, calculated by Formula (4). 


İf vve accept Ty, - ZA, then for E branded steels oy, € 370 MPa. "Then zy, -—- 


185 MPa, if the outer diameter of the casing is d, € 168 mm, the inner diameter d, — 
148 mm, then a — 74 mm, b — 84 mm viill be, it can be set from the expression P, — £yH. 


Here H — 2000 m - the depth of the vvell, y — 30000 N / mə specific gravity of the rock, 
$ — 0,5 — vvidth coefficient. 


P, — 0,5 : 30000 : 2000 N/n3 — 30-106N/ ə — 30 MPa 


z 2 2 2 


—d — 
P, sm th — 185—: 730 — 71,5 MPa 


Hence, hermetic inspection of the selected casing can be carried out up to a pressure of 
P, x Ur — 71,5 MPa. 


Letis calculate the device for continuous inspection of the casing. The outer diameter of the 
vvell pipe - d, — 105 mm, the inner diameter- d: — 36 mm, the thickness of the vvell vvill be 
ö — 8 mm. İf vve accept the outer diameter of the thread of the rod d, € 36 mm, then the 
limit force is determined as follovvs: 


7rdo 
F— — 
İcal 4 
here də € 33,4 mm - the average diameter of the rod thread, İo,l - the tensile strength of the 
rod material. 
57 


Oy — 360 MPa, - flovr rate of material, (Sİ — 3 — acceptable reserve coefficient. 
360 
lo:l — a — 120 MPa 


3,14 - 33,42 
F— 120—— 0 — 105086 VN 


If vve take the outer diameter of the device pusher dz € 105 mm, and the inner diameter - 
dı — 40 mm, the limit pressure affecting it vvill be calculated as follovs: 


Ba 4F — 4105086 
— n(d2 — d?) 3,14(1052 — 407) 


This means that the device can be operated at an additional pressure of 15 MPa, i.e. up to 150 
atm. If to consider the existing pumps can create an additional pressure of 90 atm, vve can 


— 14,2 MPa 
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calculate the device to an additional pressure of P — 9 MPa. In this case, the force falling on 
the pusher is calculated as follovvs: 
2 ”2 2 34 2 2 
F, ululird — di) 9: 405 — 402) — 66603 N 

The rod thread is calculated on crushing, cutting and bending. 
The calculation of the thread for crushing is as follovvs: 

kin Feos? € f, 

Öcr iə ur 
rd,Hiz 

here H, - $P, € — U5, P:z — H, — 0,8d conditionally paid. kin — 2: o — 6009 
- 2: 66603 - cos”309 
— 3,14 - 1,1 - 0,75 “36: 0,5: 0,8 36 


€ lov-l 


özi — 48,6 MPa 


lo,..1 — 0,61 hes 5” adr 
25.2... us a 


Öcr x İoc-l 


conditionally paid. 
The calculation of the thread for cutting is as follovvs: 


xu 
rd,6Pz 
vvhere ka € 2, İzl € 0,71o:), € — 0,75, da — Ü,/5d, H, € Pz — 0,8d 
— 2::66603 
0,14: 0,75 “36 : 0,75 : 0,8 “36 


— 72,604 MPa 
ÖTL 340 

İz) — 0,71o,l — 0/71s) — 0,7 —— 79.33 MPa 
T x İl 


conditionally paid. 
The calculation of the thread on the bend is as follovvs: 


Əkin ü FH, 
0. - $——— € 
b nd,P?z lopl 


here ken € 2: Hə z (5 0,25, € 0,5: di  0,75d: Pi m 0,75: Hq c Pz — 08d 
Then 


6 ::2::66603 “0,25 


2—777 77 .44548MP 
3.14 - 0,75 : 36 : 0,752: 0,8 36 .. 


Öb 


340 
ləl € 12519)) € 1225—— € 1417 MPa 


İ ı 
İ İ 
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lopl  lopl vee accept Hq S 0,8d — 28,8 mm 30 mm. 


Nov let"s carry out calculation of the rubber element that provides the seal betvveen the device 
and the operating pipe. The rubber element should be pressed into the operation pipe so that 
the pressure betvveen them to be more than the excess pressure in the vvell (PE9MPa). Let”s 
find the basic parameters of the rubber element under this condition. VVhen the pusher is 
pressed dovvn vvith a force F, the rubber element vvill be pressed into the operation pipe vvith 
the Q force (figure 1.3). 


VVhen a — 109 
— 7. — 191829 N 
2:0,1736 
Pressure falling on the inner surface of the rubber element vvill be 
0 
T ULyrTəa 3,14:72:90 ” 


AL 
s: 
Tİ 


Figure 1.3. The rubber element providing seal betvveen the device and the operating pipe. 


Since the rubber element is pressed into the casing, vve can accept its deformation at these 
points as zero and find pressure on its outer surface: 


1—u a?p, — b/P, 1-u azbz(P, — P.) 
hm —..— T7E (2 -al)r. 
If vve accept u — Ü at r — b, value 
0 (1 — Ö(a?P, — bp)P,b, b (€ k töarb,(P) — Pe) 
VVhen vve solve the last statement, vve get: 
p,- 2P, 


ar dö” 4- 
bz p24 Ə mrimru 


If vve put values into the places, vve get: 


9) 
iə) 
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.- 2:9,4312:12 

“ (62,57 1057 

365 722 

Since this pressure is more than the excess pressure generated in the vvell (12.57 MPax9 
MPa), the device vvill provide tightness. 


— 12,57 MPa 
(1 — 0,5) 4-1-4-0,5 


Conclusions: In the article, the density of the rock layer in the Earth has been studied and the 
zones vvhere the most likely occurrence of landslides have been identified. In addition, a 
calculation has been carried out for the device that inspected the drilling and operation 
pipelines for tightness and recovering damages, and the forces and stresses affecting the 
device have been identified. In conclusion, it has been determined that the device under the 
influence of these forces and stresses vvill fully provide tightness. 
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XÜLASƏ 


Məqalə qazma və istismar kəmərlərini hermetikliyə yoxlayan və borulardakı zədələnmələri 
bərpa edən qurğunun konstruksiyasının işlənməsi və ona təsir edən amillərin müəyyən- 
ləşdirilməsinə həsr edilmişdir. Məqalədə dağ suxurlarında baş verən sürüşmənin mexanikası 
və baş vermə səbəbləri araşdırılmışdır. Qazma və istismar kəmərlərini hermetikliyə yoxlayan 
və borulardakı zədələnmələri bərpa edən qurğunun layihə edilməsində əsas məqsəd ondan 
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ibarətdir ki, bu qurğunu tətbiq etməklə sürüşmə nəticəsində quyu profilində əmələ gələn 
zədələnmələr aşkar edilsin və onun aradan qaldırılması yolları təmin edilsin. 
Açar sözlər: seysmik dalğa, sistematik xəta, təhrif, interval, dispersiya, əlahiddə. 
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AHHOTAHHSI 


CraTbsi rIOCBSIHCHa pa3pa6oTKe KOHCTPpyKHHH ycTpoHCTBa VT TIPOBEDKH. TeEDMETHHHOCTH 
ÖypoBBIX H. ƏKCİETyaTaHOHHBİX TpyÖOTpOBO/TOB, BOCCTAHOB/TEHHSİ TİOBDC?KHEHHH H. BBİSİBİT€- 
HHs QaKTOpOB, B/THSFOHİHX Ha əTo, B cTaTbe paccMaTpHBaeTCs MEXaHHKa H TIPHHHHBI 
BO3HHKHOBEHH3 OTTO/13HCİİ B TOPHBIX T1Opo/laX. OCHOBHOH TT€/ibEO pa3pa6oTKH yeTpoOfİCTBa yir 
TIpoBepKH ÖypoBbIX H ƏKCITETyaTaHOHHBİX  TpyöorpoBOyfOB Ha TEDMETHHHOCTB H HX 
BOCCTAHOB.IEHH€ 31B/13€TC3 BBISBICHH€ TİOBPC?KHeHHİİ, 0Öpa3oBaBIHHXCS B: Tpodirnne 
CKB32KHHBI B pe3y:IBTaT€ CKO/TB?KEHHSİ, H oÖecrreueHH€ TİYTCİ HX yCTpaH€HVi5I C TİOMOHİBEO 
əToro ycTpoHCTBa. 
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ABSTRACT 


The scenario for the off-road machines during the next years vvill feature vehicles vvith 
relevant changes in terms, for example, of engine operative velocity and passive braking force 
reduction, vvith a concurrent increase (some 40 €6) of thermal energy exchange needs by the 
heat exchanger. Engine, and hydraulic oil, temperatures vvill vary in function of actual 
requested povver, to reduce the NOx production. This aspect, linked to the need to have an 
optimized engine layout (reduction of radiator dimensions) is the base of the vvork presented 
in the paper. The heat exchanger optimization is needed to obtain smaller, lighter, but at the 
same time more efficient, heat exchangers, this paper shovvs hovv it is possible to apply a 
CFD-mathematical approach on a cross-flovv radiator vvith the aim to obtain a more efficient 
heat exchanger surface and reduced global dimensions. 

The approach used, and described in this vvork, made the performance evaluation possible not 
only on a single radiator, but on a complete production family variable both in dimension and 
technical characteristics. The approach is to split the exchanger into sub-domains having 
homogeneous boundary conditions, both in the cold and hot side, in order to collect on the 
VVHTC (VVall Heat Transfer Coefficient) and the pressure drop. İndividual results vvill be used 
as building blocks in order to have a reliable yet flexible estimate of the exchanger 
performance under different environmental conditions and dimensions. "The results are 
encouraging and shovv the possibility to develop a nevv, optimized, radiator family, using a 
flexible and efficient design strategy. 

Keyvvords: heat exchanger, earth moving machineries, engine efficiency, optimization 
approach. 


Introduction: The cross flovv heat exchangers have been studied by many authors in the 
recent years: Navarro e Cabeza-Gomez İ11 have studied different analysis methodologies of 
thermal exchange, based on “sub-element” radiator subdivision, in vvhich the thermal 
equations are algebraically calculated and the results are then composed to obtain the global 
performances in term of s-NTU. Kim, Youn and Bullard T21 have put in evidence the 
importance of finning angle on thermal exchange performance and pressure drops. In other 
studies the fluid distribution importance comes out, since a not correct flovv distribution 
highly decrease the heat exchanger global efficiency, and optimization studies on the inlet 
manifold have been performed using CFD techniques T31, 141. A finned radiator exchange 
efficiency optimization study has been based, by Zhan, Yang and Zhou (51, on the reduction 
of entropy production, onsidering many geometries and fins on the market. The correlations 
betvveen heat transfer and pressure drop on offset strip fins are reported by London and Shah 
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161, VVieting 171, VVebb and /Toshi 181, ochizuki and Yagi 191, Manson 1101, Manglik and 
Bergles 1111, Maiti 1121, Muzychka and Yvanovich 1131, Raganayakulu, Sheik and Shah 1141. 
A lot of theories are available on scientific literature but experimental, or applied, data are not 
so common. The designers, seen the shortage of applied studies, have ever increased the use 
of numerical correlations to design more efficient and compact heat exchangers. In this vvay it 
vvas possible, from one hand, to create a knovvhovv vvhich makes the design costs reduction 
possible but, from another hand, the complexity and the results dispersion make hard the 
correct correlation choice. 
The correlations change is a geometry and construction process function, this make complex 
the fins study: ad hoc applications, for every different fins architecture are necessary. 
From the installation easiness and heat exchanger dimensions reduction points of vievv, the 
heat exchange efficiency should be improved as much as possible. These aims could be 
achievable by means of a hermo-fluiddynamic study, vvhich vvill be focused on the most 
efficient fins (both in cold and hot side) coupling, so that it could be possible to have useful 
information about the real radiator performance and dimensions, linked to the real operative 
conditions. There aren”t, in the scientific literature, examples about a different fins 
comparative studies, integrated in a specific general check contest, it seems necessary to have 
a fluid-dynamic study campaign vvhich could provide useful data to the manufacturers, to 
design, in an economic and efficient vvay, radiators vvhich are easily adaptable to the vvidest 
operative conditions. In this paper a vvide geometric case study on common and nevv fins is 
presented. 
The cold fluid fins (A0 — A4 in figure 1) have sinusoidal geometry vvith rectangular or 
trapezoidal section, vvhile the hot fluid fins (P0 — P3 in Fig. 1) have a vvavy geometry vvith a 
more or less complex offset, 
The main aim of this vvork is to characterize both the cold and hot side fins, to obtain: 

e the VVall Heat Transfer Coefficient (VVHTC), 

e the heat exchanger pressure drop (Ap) both in hot and cold side. 
The commercial softvvare ANSYS 13 has been used to perform a series of fluiddynamic 
simulations able to predict, vvith a good approximation, the thermal exchange performance of 
those radiators vvhich vvill use the reported fins. The ANSYS code uses the finite volumes 
numeric technique and, due to the geometry complexity, the mesh construction should be 
really close, to give a border laminar layers good discretization and to predict the heat 
exchange and pressure drop values. 


Fluid-dynamic problem layout: Due to the difficulty to simulate the vvhole radiator, both for 
the computational povver request and because the tested fins vvill be inserted in radiator vvith 
different, modular, geometry, the heat exchanger has been schematized (figure 2) in main 
portions in vvhich the flovv has some peculiar characteristics. 
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Figure 1. Geometric examples of tested fins. 


The radiator has been subdivided, as first attempt, in nine different sub-domains: 

e sub-domain 1: it has a boundary geometry for the both fluid, different singularity (i.e. 
edges), vvhich make turbulence phenomena, are present, both the flovvs come from a plenum 
and go inside the radiator, 

e sub-domain 2: it shovvs the same configuration for the cooling flovv, vvhereas the hot flovv 
has a completely developed motion (high turbulence, no border phenomena), 

e sub-domain 3: it”s similar to subdomain 1, but the hot flovv go out from the radiator, 

e sub-domaln 4: the cooling flovv is developed, the hot flovv go inside the radiator, 

e sub-domain 5: in this case both the flovvs have a completely developed motion. 
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Figure 2. Heat exchanger schematic vievv. 


The other sub-domains are a permutation of the previous ones. "The sub-domains 1-2-3-4-6-7- 
8-9 have a one or more plenum. The sub-domain 5 does not have any plenum. This 
subdivision gives the possibility to knovv the real flovv condition inside the radiator and to plan 
the simulation parameters. 

A first analysis set gave the evidence of a substantial results independency from the flovv 
direction: the heat exchange coefficient and the pressure drop didn”t shovv an appreciable 
variation vvith the plenum fins flovv direction. This consideration allovvs to consider as similar 
the sub-domain vvith similar fluid-dynamic conditions (i.e. sub-domain 1 and 9). The so 
structured simulation campaign foresees a contemporary study of both hot and cold flovvs, 
divided by an aluminum plate (Figure 3). 


Figure 3. Example of sub-model for contemporary (hot-coldflovv) simulation. 
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This vvork requests to lay a lot of simulation conditions, like interfaces, contact conditions and 
so on, involving a large computational povver to be solved. Although this is, probably, the best 
vvay to simulate the heat exchange physics, the computation requested time doesn”t look 
compatible vvith the industrial time scheduling, in addition the advantages, in term of solution 
accuracy, does not fustify so hard computational timing efforts. A first simulation campaign 
shovvs the, almost uselessness, of this approach because the error made simulating separately 
the hot and cold flovvs is lovv compared to the computational timing advantages. 


Figure 4. Simplified sub domains composition. 


11 12 813 H7 18 19 


VVHTC 


Figure 5. VVHTC generated by each sub domain type. 


Taking into account the first campaign results, in vvhich the sub-domain responsible of a 
VVHTC variation are only the type 2 and the type 5, the fluid-dynamic problem has been, then, 
simplified. The idea vvas to simulate the entire radiator vvith sub-domain 2 and 5 only, vvith a 
series and parallel layout in function of the areas to be simulated. VVith this simplified layout it 
has been decided to impose specific boundary conditions for every sub-domain vvith a plenum 
only in the input (output) subdomain 
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(type 2), vvhile in the inner subdomain (type 5) the plenum is not necessary because the flovv 
is already developed. 

The vvork presented in these pages has concerned the fluid-dynamic characterization of four 
hot fluid fins, vvhich have the role to cool dovvn the vvorking fluid (1.e. oil) and five cold fluid 
fins, air crossed, vvhich extract the heat from the radiator. The vvorking fluids are hydraulic oil 
(Arnica 46), a vvater-glycol mixture (50-50) and air. 

Using the presented methodology it has been possible to study, in a post process session, the 
different radiators global performance ioining the different sub-domain up to obtain the real 
heat exchanger dimensions. 


Geometry and mesh building: Starting from the real fin geometries a solid modeling phase 
İS started, to mediate betvveen the real physical dimensions and the numerical simulation 
requirements. In the modeling phase, in fact, all the section and curvature vvhich vvould have 
made a useless mesh complication have been simplified. This phase requested a particular 
attention because the heat exchange phenomenon is sensible to the velocity (Reynolds 
number) near the radiator vvalls, vvhere the adhesion hypothesis is valid. For this reason is 
necessary to make a mesh able to catch the velocity gradient perpendicular to the radiator 
vvalls. The solution applied in this vvork is to make, vvhere possible, an inflated boundary 
vvhich has five exahedric elements layers near the sub-domains vvalls to better catch the 
velocity gradient. This vvay makes the particularly heavy the computation, due to the high 
mesh elements number, but give the possibility to have high solution accuracy. 


Figure 6. Mesh vvith inflated boundary. 


Boundary condition and numeric simulation layout: The correctness of boundary 
condition setup have a capital importance to simulate the heat exchange phenomena in a 
correct vvay, it is done by a physic problem simplification considering, as constant, the 
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temperature of the interface layer betvveen the fluid and the solid domain. This simplification 
İs as real as lovver are the computational domain dimensions, the imposed condition are: 

ə Inlet vvith fixed temperature and velocity, 

e Outlet vvith atmospheric pressure, 

e VVall vvith fixed temperature, 

e Symmetry condition betvveen the adioining sub-domain. 

To simulate the most probably vvorking conditions the cold fluid temperature has been 
imposed in the 20 “€ — 50 ?”C range, the oil inlet temperature vvere in the 60 “C — 90 “C range, 
vvhile the vvater/glycol inlet temperature vvere in the 85 “C — 105 ?C range. 

The entry velocity have a vvide range both for the hot and the cold fluid: for example the 
lovver level is 0.2 m/s for the Amica 46 and the higher is to 12 m/s for the air. 

The numeric solution has been obtained using the k-e turbulence model, vvith vvall scalable 
conditions, the Navier-Stokes computation method has been set up on 1?” order vvith high 
resolution, the convergence has been considered reached vvhen the RMS residual values 
become 5E-05. 


Sub domains results: Here some of the sub-domains fluiddynamic simulations numerical 
results are shovved. İn the follovving figure 7 and figure 8 the surface/volume ratio of the 
different fins geometries are shovved, both for the hold and the cold sides. This ratio makes 
clear hovv there are fins able to give, at the same volume, a vvider exchange surface. A 
compact radiator has, generally, a surface/volume ratio bigger than 0.7 m2/m3: the A0 and A4 
fins can be used to make compact radiators (Fig. 7), vvhile the other geometries shovv a lovver 
ratio. The hot fluid fins have all a ratio bigger than 0.7 m2/m3. 
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Figure 7. Surface/volume ratio for the cold fluid fins. 


Looking the simulations data it could be noted that the inlet sub-domain (type 2) exchanges 
more heat than the type 5 subdomain (almost 30€6) and this information makes 
understandable vvhy having radiator vvith a vvide front surface is more convenient, from an 
heat exchange point of vievv, but this could be a problem for a earth moving machinery 
manufacturer. 
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Por this reason the vvork presented in these pages aims to find the best geometry, both for the 
hot and the cold fluid, vvhich has, at the same heat exchange rate, the lovvest front surface. 
The figure 10 shovvs hovv is possible to improve the heat exchange performance by means of 
different geometry: since the air is the cold fluid, vvhich has a lovv convective coefficient, it”s 
necessary to act on the exchange surface to improve the radiator performance. 
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Figure 8. Surface/volume ratio for the hot fluid fins. 
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Figure 9. Different sub-domain VVHTC comparison. 
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Figure 10. VVHTC coefficients variation in function of inlet velocity. 
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The A0 and A4 fins have a similar surface density, but the different geometries set different 
motion conditions (Fig. 11). 
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Figure 11. Air fins pressure drop. 


The fin A4 shovvs a heat exchange improvement of more than 4096 compared to the fin A1 
and this is one of the expected results. The radiator vvith an A4 type fin not alvvays vvill be the 
best choice in term of energy efficiency because, as shovved in Fig. 11, it shovvs a high 
pressure drop value. This problem imposes to have a bigger fan to assure the right velocities at 
the radiator inlet. A bigger fan means more povver absorption, more fuel consumption and 
more noise vvith a reduction of the operator”s comfort. In the light of these results it could be 
better to analyze, both the advantages obtained from a thermal point of vievv and their 
unavoidable disadvantages, taking account of, for example, the radiator vvorking point once 
connected vvith the fan. 

In the same manner the hot fluid fins have been studied and the most meaningful results are 
here reported. The PO and P2 fins are an example of hovv the thermal exchange efficiency isn”t 
the unique vvay to make hot fins comparison. The simulations shovv an improvement, in term 
of thermal exchange efficiency (figure 12), of more than 2096 comparing the P0 fin (narrovv 
channel) vvith P2 fin (vvider channel) and a 4396 of pressure drop reduction (Figure 13). 
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Figure 12. PO and P2 fins thermal exchange performance. 


These results, linked to the radiator smearing problem, make the P2 fin preferable from an 
energetic and economic point of vievv. 
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Figure 13. PO and P2 fins pressure drop. 


The radiator performance: The last part of this vvork concerns the global radiator 
performance re-build. Starting from the sub-model results, the authors have developed a 
softvvare tool vvhich use the CFD output in nine different vvorking point (three fan velocity 
(V1, V2, V3) and three temperatures (T1, T2, T3)) to build the vvhole radiator performance in 
terms of pressure drop and heat exchange coefficient. The sub-models have been combined (in 
series and/or parallel) in function of their physical contribution to the heat exchange and the 
results, at the vvorking points, have been combined using a cubic spline. Using this process, a 
series of unique cubic polynomials are fitted betvveen each of the data points, vvith the 
stipulation that the curve obtained be continuous and appear smooth. The fundamental idea 
behind cubic spline interpolation is based on the engineer”s tool used to dravv smooth curves 
through a number of points. This spline consists of vveights attached to a flat surface at the 
points to be connected. A flexible strip is then bent across each of these vveights, resulting in a 
pleasingly smooth curve. The mathematical spline is similar in principle. The points, in this 
case, are numerical data. The vveights are the coefficients on the cubic polynomials used to 
interpolate the data. These coefficients ”bend” the line so that it passes through each of the 
data points vvithout any erratic behavior or breaks in continulity. 
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si(x) if xı € x € x, 
s,(x)if € x, €x x, 


S(x) - . (1) 


ti. 


VVhere is a third degree polynomial defined by: 
S) (x) € a) (x-xi)” “- bi (x-xi)” “- c(x-xi) “di (2) 
For i“1,2,....n-1 


Since the curve S(x) must be continuous across its entire interval, it can be concluded that 
each sub-function must İoin at the data points, so 


si(x) € sif) (3) 


Also, to make the curve smooth across the interval, the derivatives must be equal at the data 
points, that is, 


si (x) — si) (4) 


Lastly, since S) (x) has to be continuous across the interval, 
si (xi) e sili(q) (5) 


for i-1,2,3,...,n-1 

These equations can be much simplified by substituting Mi for si (xı) and expressing the 
above equations in terms of Mi and yi. This makes the determination of the vveights di, bi, ci, 
and di a much easier task: 


Misi — M, , 
b- M, 7 
dai 2 ( ) 


Viri .. Vi: M:zi -k 2M? -. 
onu" ( 6 £ 2 


dı — yı, (9) 
VVhere h “ Xi — Xi1 
These systems can be handled more conveniently, including the stipulation that the second 
derivative be equal to zero at the endpoints, by putting them into matrix form as follovvs, for 
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reasons of convenience, the first and last columns of this matrix can be eliminated, as they 
correspond to the M1 and Mn values, vvhich are both 0. 


0 


1000...00 0 01İ M? m -m ” 
0141..0000İİ Mİ $ 
m h2 
ya-3 


(10) 
0000...1410 İİM,.. 27570 
0000...000 1İİM,L., ə bn 
0 
410..000 Mə yı — 2yz ys 
141...000 İl M: yz — 2y3 £ ya 
ötə dü döl Göö Gös Gələ . x (1 1) 
1000...141 İİM,-2 n-3 — 2yn-z 7 Yn-ı 
000...014 İİM.-: yazı — 2yn-ı “Ya 


This results in an n-2 by n-2 matrix, vvhich vvill determine the remaining solutions for M2 
through Mn-1. The spline is novv unique. 


The use of cubic polynomial spline has given the possibility to re-build the radiator pressure 
drop (Ap) and his VVHTC in function of the temperature (Figure 14). 
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Figure 14. Radiator pressure drop and VVHTC in function of the temperature. 


Conclusions: The presented vvork has put in evidence the possibility to create a simplified 
methodology to characterize the thermal and fluid-dynamic behavior of a family of cross flovv 
heat exchanger. The vvork starts from the analysis of five different cold flovv fins and four 
different hot flovv fins. 

The radiator has been divided in nine different sub-domains vvhich, after a preliminary study, 
have been reduced to tvvo (Type 2 and Type 5). 

For every one of them a CFD model has been developed and the pressure drop and the Vvall 
Heat Transfer Coefficient (VVHTC) have been calculated in nine different vvorking point. 

A softvvare tool has been developed at IMAMOTER-C.N.R. to build, starting from the CFD 
results the vvhole radiator behavior, by means of cubic spline interpolations. 

The results shovv hovv is possible to characterize, vvith a flexible approach, a radiator family, 
vvith different fins geometry both for the cold and the hot fluid, in term of Ap and VVHTC. 
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XÜLASƏ 


Bu işdə istifadə olunan və təsvir edilən yanaşma yalnız bir radiatorun deyil, həmçinin həm 
ölçülərə, həm də texniki xüsusiyyətlərə görə dəyişən bütün istehsal tipölçülərinin 
məhsuldarlığını qiymətləndirməyə imkan verir. Hazırki yanaşma istilik mübadiləçisinin 
altdomenlərə ayrılmasından ibarətdir, həm soyuq, həm də isti tərəfində homoyğen sərhəd 
şərtləri olan, və təzyiqin dəyişməsini nəzərə alan DİTƏ (divarın istilik transfer əmsalı) 
haqqında məlumatların toplanmasıdır. Alınan nəticələr ətraf mühitin müxtəlif şəraitlərində və 
müxtəlif ölçülərdə istilik mübadiləçisinin etibarlı, lakin çevik məxsuldarlığının qurulması 
üçün istifadə olunacaq. Nəticələr çevik və effektiv dizayn strategiyasından istifadə edərək, 
yeni, optimallaşdırılmış radiatorlar ailəsini inkişaf etdirmək imkanını yaradır. 
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AHHOTAHHSI 


Herro"i5B3yeMblİf H OTHCaAHHBIİİİ B ƏTOİİ pa6oTe rioHxo/ı T103BONFUİ OHEHHTB: TIPOH3BO/İH- 
T€/IBHOCTb H€ TO/IBKO OHHOTO pa/yıaTopa, HO H BCEX TIDOH3BO/ICTBEHHbIX THHOpa3MEpoB, 
H3MEH31O1IHXCS KaK T10 pa3MepaM, TaK H TO TEXHHHECKHM XapaKTepHCTHKaM. İlozxo/ı 
33K/FOHaeTCS B pa3yıeeHHH TETETOOĞMEHHHKa Ha HTO/UTOMECHBI, HMCTOHİH€ OHHOPO/İHBI€ 
TpaHHHHBI€ yCHTOBHSI, KaK Ha XOHO/HHOİİ, TaK H Ha TOpsueH CTOpOH€, /LTT cÖOpa HaHHBİX O 
KTIIC (koədbdinuyeHT Termorrepenaun CTeHKH) H Teperane naBneHnsi, FİHTHBHMyarbHBIC 
pe3y:IBTaTbI Öy/yyT  HCTTONB3OBaTbCA /UTS TOCTPOCHHSI HƏ/IC?KHOİİ, HO THÖKOH TIpOH3BO- 
HHTE"IBHOCTH TETUTOOÖMEHHHKA TİPH pa3/HHHBİX yCTOBHSX OKpyəKaTolHİeH cpeyibi H pa3nuHbiX 
pa3Mepax. Pesy:iBTaTBI TIOKa35IBaFOT BO3MO?KHOCTB pa3pa6oTKH HOBOTO, OTTTHMH3HDOBaHHOTO 
CEMCİİCTBa pa/ıMaTOpoB € HCTTO/153OBaHHEM THÖKOH H Ə9d)))eKTHBHOİ CTpaTeTHH TIPOEKTH- 
poOBaHH351. 
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ABSTRACT 


This article presents the results of a study of the influence of gear manufacturing errors on the 
smooth operation of the reducer of the mechanical drive of the oil pumping unit based on a 
specially developed 3D modeling technique for the formation of kinematic error. This 
technique consists in constructing a three-dimensional solid-state model of a gear transmission 
vvith specified primary errors of the vvheels and subsequent modeling of the gear engagement 
operation. Models of gears are obtained as a result of modeling the tooth-cutting process. This 
makes it possible to include manufacturing errors in the gear models caused by various 
technological reasons, such as, for example, fluctuations in the chain links of the machine, the 
beating of the cutting tool and the vvorkpiece, errors in the cutting edges of the tool, errors in 
the installation of cutting tools, etc. The simulated graphs of the kinematic error of gears 
consisting of vvheels are given, vvhich contain the main manufacturing errors affecting the 
smooth operation of the reducer of pumping unit (errors in the lateral profile of the teeth, the 
error of the gearing step). 

Keyvvords: pumping unit, reducer, errors, vvorking capacity. 


Relevance of the vvork: "Traditionally, studies of kinematic errors of gears are based on 
conducting field experiments using serviceable and defective vvheels, vvhich requires 
significant time and material resources. Currently, the manifestation of primary errors has not 
been sufficiently studied, and the information presented in the literature devoted to this issue 
İs not enough to unambiguously identify errors in the manufacture and assembly of gears 
based on the results of kinematic control. "To establish a connection betvveen the type of error 
and its manifestation in the amplitude-frequency spectrum, modeling of the kinematic error of 
gears using modern computer technologies can be used. 

Purpose of the vvork: Reducing the cost of operating onshore oilfield equipment is one of the 
most important tasks vvithin the framevvork of the designated program. This article discusses 
technical solutions aimed at optimizing production processes in the field of operation of 
equipment of the producing fund of vvells 111. 

In the process of the mechanized method of oil extraction by rod vvell pumping units, there are 
a number of technical problems that have a serious impact on the efficiency of operation of 
the producing fund of vvells and, in general, on the volume of oil production. The reducer is an 
indispensable element of the mechanism of the pumping unit and in combination vvith the belt 
or independently reduces the engine speed to the required on the driven shaft and, 
accordingly, determines the rolling frequency of the balancer. The reliability of gearboxes 
largely determines the overhaul period of the rocking machine as a vvhole, therefore, the main 
indicator of the reducer - its torque - is among the main indicators of the mechanical drive. 
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Tvvo-stage reducer vvith a gear ratio of about 40, eylindrical gears are most often used. Taking 
into account the symmetrical scheme of the converting mechanism of the rocking machine 
vvith tvvo cranks, the gearbox gears are also arranged symmetrically relative to the longitudinal 
axis of the gearbox. There are exceptions in this regard, but they are rare. To obtain a 
symmetrical arrangement, one of the pairs of gears is performed in a forked form and 
mounted on both sides of the undivided transmission. Usually a high-speed step is made 
forked. 

In this paper, vve propose an assessment of the effect of gear errors on the smooth operation of 
the transmission based on a specially developed 3D modeling technique implemented in the 
AutoCAD graphics system (Autodesk Inc.) using the Visual Basic for Application 
programming language and consisting in the construction of a three-dimensional solid-state 
model of a gear transmission vvith specified primary gear errors and subsequent simulation of 
gear engagement operation İ21. 3D models of gears are built on the basis of extrusion of a pre- 
built flat profile of the gear by an amount equal to the vvidth of the gear ring. The coordinates 
Of the gear profile points are calculated by modeling the process of gear processing vvith a 
rack-and-pinion tool using the ob-cat method. To do this, the dimensions of the initial 
generating circuit are calculated according to GOST 9587-81. Next, the initial contour is 
sequentially moved in the direction of the tangential feed by the step value At. In this case, the 
vvheel blank is also rotated sequentially by the angle övr, determined by the ratio: 


vzAt/r (1) 


vvhere r - is the dividing radius of the gear. 

Thus, the profile of the tooth cavity is an envelope of successive positions of the initial 
generating contour. The calculated points of the depression are connected by a spline. 
Copying the constructed profile of one depression around the center of the gear, the 
cumulative profile of all depressions is constructed, i.e. the transverse profile of the gear 
vvheel, Next, this profile is squeezed out to a height equal to the vvidth of the toothed crovvn. 

A feature of the described methods for constructing 3D models of gears is that manufacturing 
errors caused by various technological reasons can be included in the model, such as, for 
example, fluctuations in the chain links of the machine, the beating of the cutting tool and the 
vvorkpiece, errors in the cutting edges of the tool, errors in the installation of cutting tools, etc. 
The simulation of gear gearing operation consists in the sequential rotation of the constructed 
3D models of vvheels by the values of angular steps: 4.6?) — for the driving vrheel, də, - for 
the driven vvheel (Fig. 1). Angular steps of vvheel rotation are taken depending on the 
specified number of kinematic error counts per revolution of the driven link. At the same time, 
the more such points of the angular position of the vvheel are taken into account, the more 
accurate information about the defects of the gears vvill contain the kinematic error curve. 
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drive gear 


Figure 1. Modeling of kinematic error. 


The angular pitch of rotation of the driven gear (d./92) is calculated by the formula: 

—2T 
vvhere N - is the number of counts of kinematic error per revolution of the driven link. 
Then the angular pitch of rotation of the drive gear (1 d) is calculated, depending on the gear 
ratio, vvhich is defined as the ratio of the number of teeth of the drive vvheel to the number of 
teeth of the driven: 
— Zı 
də, 17 7qz Z, (3) 
vvhere z: - is the number of teeth of the drive gear, zə - is the number of teeth of the driven 
gear. 
VVhen the drive gear is rotated by an angle of dop,, the driven vvheel rotates by an angle of 
dopş, i.e. by a nominal (calculated) angle. Due to the presence of elementary errors, the 
driven gear must turn at a valid angle of də?əp, vvhich vvill differ from the nominal one. 
As a result, vvhen the 3D model of the driven gear is rotated at an angle of dəə, either 
interference of the vvorking teeth of the driven and drive gear vvill be present, or a gap vvill 
form betvveen the vvorking surfaces of the teeth (Fig. 2). 
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Figure 2. Possible positions of the teeth vvhen turning the gears at nominal (calculated) 
angles. 


After tuming the driven vvheel by the nominal angle, the actual angle of rotation is 
determined. To do this, a search is made for such an angular position of the gear at vvhich 
there is no intersection of the teeth, and the distance betvveen the vvorking profiles of the teeth 
of the drive and driven gears is minimal (depending on the accuracy of calculating the angular 
position of the vvheel), i.e. it is assumed that the vvorking profiles touch each other. Checking 
the interference of the teeth and tracking the touch of the vvorking surfaces of the teeth is 
performed using the "Checklnterference" command. Thus, the difference betvveen the actual, 
established by the above algorithm, and the nominal (calculated) angle of rotation of the 
driven gear is the kinematic transmission error at this point. 

After the actual rotation angle of the driven vvheel is found, the drive vvheel is rotated again by 


an angle of də,, and the driven vvheel by an angle of d?ə and the search for the actual 
angular position of the driven gear is performed. These operations continue until the driven 
transmission link completes one full revolution or several revolutions (for example, to account 
for the complete re-coupling of teeth). For the obtained data on the angular positions of the 
gears at the control points, a kinematic transmission error curve is constructed and its spectral 
analysis is performed. 

The violation of the smooth operation of the transmission is caused mainly by errors in the 
lateral profile of the teeth of the vvheels. The most important and main source of error of the 
side profile are the errors of the vvorm of the dividing chain of the gear machine and the 
profile of the dividing vvheel, vvhich are repeated for each revolution of this vvheel, These 
errors cause the appearance of undulation of the lateral surface of the tooth being cut along the 
profile 131. 

To establish the influence of this type of error on the type of kinematic transmission error 
curve and its spectrum, the operation of the gear engagement (zı: € 15, zə € 31, m € 4.5 mm) 
vvith the undulation of the side surface (fi. “k 0.030 mm) of the driven gear vvith a different 
number of q vvaves that fit on the side surface of the teeth vvas modeled. As can be seen from 
the graphs of the kinematic error and its spectra (Fig. 3), the vvaviness of the lateral surface of 
the profile manifests itself in the form of a significant increase in harmonics at the vvave and 
multiple frequencies. 
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b) 


Figure 3. Kinematic error (a) and its spectrum (b) vvith vvaviness of the driven gear profile 
(from zı £ 15, zə € 31, fr “k 0.030 mm, q € 1). 


Figure 4 shovvs the amplitudes of the vvave and multiples of it (up to and including the sixth) 
components of the spectrum. VVith the number of vvaves q £ 1 and q £ 2, the harmonic of the 
vvave frequency has the greatest value, vvith q € 3 and q £ 4 — the second, and vvith q € 5 and 
q € 6 — the third multiple harmonic. The values of the maximum amplitudes vvith the number 
Of vvaves 1 ... 4 are approximately the same, and differ by no more than 2.5 microns. 
Hovvever, at q £ 5.6, the maximum amplitude, i.e. the third multiple of the tooth component, 
is significantly less than the largest components at q “ 1 ...4. This is explained by the fact that 
vvith a large number of vvaves, the contact of the tooth profiles vvill occur not at one point, but 
at several points İying on the tops of the vvaves, vvhich in turn is reflected in a decrease in the 
amplitudes of the high-frequency components of the spectrum. 


I l 
İ İ 


ə EQUIPMENT. TECHNOLOGİES. MATERTALS 


VOLUME 10 ISSUE 02 2022 


0,025 


0,02 


təl 
o 
— 
mn 


0,01 


amplitude, mm 


1 
o 
o 
Gal 


31 62 93 124 155 186 
The harmonic number 


Figure 4. Toothed and multiples of the spectrum components vvith undulation of the lateral 
surface of the teeth (from zı “ 15, zə £ 31, fr “ck 0.030 mm). 


It should be noted that the error of the profile vvith the number of vvaves q 5 4 in practice 
occurs infrequently, since vvith high-frequeney vibrations of the links of the machine rolling 
circuit, vvave shearing is observed. So, at the time of the formation of depressions betvveen the 
vvave crests, the tool vvill remove chips in those places of the profile vvhere vvave crests should 
have been formed. 

According to the simulation results, the dependence of the change in the amplitude of the 
largest harmonic on the magnitude of the profile error (side surface undulation) vvith a 
correlation coefficient of 0.98 is obtained: 


Amax” 0,5929: fr, (4) 


vvhere Ama - is the value of the maximum harmonic component at a toothed or multiple 
frequency, ff, - is the value of the lateral profile error. 

The considered profile error, expressed in the form of side surface undulation, is not the only 
possible deviation from the theoretical profile. So, for example, the finiteness of the cutting 
edges, the values of the axial feed, as vvell as the uneven circumferential pitch of the milling 
grooves or significant shifts of the cutting edges of the milling cutter, arising due to any 
manufacturing errors, lead to the cutting of gears, in vvhich the lateral surface of all teeth 
consists of several planes. These planes intersect vvith each other along the contact lines of the 
gear and form a facet of the tooth surface 141. 

The cut, as vvell as the undulation of the lateral surface, clearly manifests itself on the 
spectrum of kinematic error in the form of a tooth and multiples of its components. Hovvever, 
no special signs are found on the spectrum of the kinematic error that allovv us to establish 
compliance vvith this type of error. A cut vvith a certain degree of assumption can be 
considered a special case of undulation, in vvhich the number of vvaves corresponds to the 
number of edges on the lateral surface of the teeth. Figure 5 shovvs a comparison of fragments 
of the kinematic error curve vvith the undulation of the lateral surface vvith the number of 
vvaves q € 4 (dotted line) and the kinematic error curve vvhen cutting a tooth vvith the number 
Of edges on the surface equal to 4. Also, the error of the gearing step, vvhich occurs as a result 
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of a change in the radius of the main circles due to the error of the profile of the tool being 
processed or the error of the rolling speed, for example, during gear grinding. 
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Figure 5. Fragments of kinematic error curves vvith undulation (fr. “ 0.010 mm, qz4) and 
cutting of the lateral surface of the teeth. 


Let"s simulate the operation of a gear train (zı “€ 15, zə € 31, m € 4.5 mm) in the presence of 
an error in the engagement step of the driven vvheel, The driving vvheel is considered ideal and 
is built vvithout errors. The error of the engagement step vvas set by changing the angle of the 
tool profile by the value Ac. VVhen the nominal angle of the profile o — 20? decreases by Ac, 
the radius of the main circİe of the cut gear increases (Aro 5 0). As a result, the gear vvill have 
a positive error of the engagement step, i.e. the actual engagement step exceeds the nominal 
(theoretical) one. VVith an increase in the nominal angle of the profile by the value of Ao, the 
radius of the main circle decreases (Aro x 0), and the gear has a negative error in the 
engagement step. 

Graphs of the kinematic error vvith a positive and negative error of the engagement step of the 
driven gear are shovmn in Figure 6. This type of error manifests itself in the form of a 
"savvtooth" signal, and the direction of inclination of the teeth depends on the error sign. So, if 
there is a positive error in the engagement step of the driven gear (the engagement step of the 
driven gear is greater than the engagement step of the driving vvheel), the teeth are inclined to 
the right. And vice versa, vvith a negative error in the engagement step of the driven gear, the 
teeth are tilted to the left. 

The error of the engagement step is clearly manifested in the spectrum of the kinematic error 
Of the transmission (see Fig. 6) in the form of components of the tooth frequency and 
multiples thereof. Moreover, the tooth component has the largest value, and its multiples 
gradually decrease vvith increasing multiplicity. At the same time, the spectra of the kinematic 
transmission error vvith a negative and positive error of the engagement step of the vvheel are 
completely identical and do not provide additional information that allovvs you to establish the 
sign of the engagement error. A detailed examination of the kinematic error curve shovvs that 
its graph consists of tvvo sections. The inclined section corresponds to the vvork of the involute 
surfaces, and the steep section corresponds to the vvork vvith edge contact. In the presence of a 
positive error of the engagement step, an involute interaction of the vvorking profiles is 
observed at the beginning of the engagement of the teeth. 
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Figure 6. Kinematic transmission error vvith the error of the engagement step of the driven 
gear. 


Then the next pair of teeth engages, accompanied by a blovv of the tooth edge of the driven 
vvheel vvith the tooth leg of the drive. VVith further rotation of the gears, the edge interaction of 
the teeth occurs until the involute section of the tooth profile of the driven vvheel comes into 
operation. VVith a negative error of the engagement step, an edge interaction is manifested at 
the output of the engagement of the vvorking teeth, i.e. the rotation is transmitted by the edge 
Of the tooth of the driving vvheel and the leg of the tooth of the driven vvheel, As the vvheels 
turn further at point 5, the edge interaction vvill end, and at this moment the next pair of teeth 
vvill engage, accompanied by the so-called median impact. 


Results: 1. From the analysis of the signal of the kinematic error of transmission and the 
interaction of the teeth, it follovvs that in the absence of deformation, only one pair of teeth 
participates in contact at the same moment, i.e. the overlap coefficient £ — 1 for both positive 
and negative errors of the engagement step of the driven vvheel, 

2. İt is obvious that vvhen the transmission is operating under load, the negative error of the 
engagement step (the engagement step of the drive vvheel is greater than the engagement step 
of the driven vvheel) vvill be compensated as a result of tooth deformations. 

3, Conversely, the positive error of the engagement step (the engagement step of the driving 
vvheel is less than the engagement step of the driven one) vvill increase. 
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XÜLASƏ 


Məqalədə xüsusi olaraq hazırlanmış kinematik xətaların yaranmasının 3D modelləşdirilmə 
əsasında dişli çarxların istehsalı zamanı yol verilən xətaların neft hasilatında istifadə olunan 
mancanaq dəzgahının mexaniki intiqalının reduktorunun işgörmə qabiliyyətinə təsirinə 
tədqiqinin nəticələri göstərilmişdir. Təqdim edilən üsul dişli çarxların ilkin xətasının verilməsi 
və dişli ilişmənin sonrakı modelləşdirilməsi ilə ötürmənin üçölçülü modelinin qurulmasına 
əsaslanır. Dişli çarxların modeli dişlərin kəsilməsi prosesinin modelləşdirilməsi ilə alınır. Bu 
da dişli çarxların modellərinə dəzgahın diyirləndirmə zənciri bəndlərində titrəmələr, kəsici 
alət və məmulun yan vurması, alətin kəsici haşiyələrinin xətası, kəsici alətlərin quraşdırılma 
xətası və s. kimi müxtəlif texnolofyi amillər səbəbindən yaranan müxtəlif istehsal xətalarını 
dişli çarxın 3D modelində nəzərə almağa imkan verir. Mancanaq dəzgahının reduktorunun 
işgörmə qabiliyyətinə təsir edən əsas istehsalat xətalarının daxil olduğu dişli çarxlardan ibarət 
dişli ötürmələrin kinematik xətalarının qrafikləri formalaşdırılmışdır. 

Açar sözlər: mancanaq dəzgahı, reduktor, xətalar, işgörmə qabiliyyəti. 
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HCC.IEHOBAHHE B.IHSHHSI HOTPEHIHOCTEH 3YBUATBIX KO,IEC HA 
PABOTOCHOCOBHOCTPB PE/YKTOPA CTAHKA-KAHA/IKH 


Baxalıbıp AraMa-ıbıor:ıy 

"MexaHrK, "GreenTech MMC", MarHerTp, Kadbenpa “İTpoMBİTLTEHHBİC MaHİHHBİ”, AsepöaiipkaHeKHii 
TocynapcrBeHHbii YHrnBepcrTeTr Hedbrn nv İİpoMBLUTEHHOCTH, AsepöaiiympkxaH., E-mail: 
aghamalioghlu() gmail.com 


AHHOTAHHSI 


B naHHOH CTaTB€ TIpeHCTaB€HBI pe3y:IBTATbI HCCTCHOBAHHS B/THSHHS TTOTPEHHOCTEH 
H3TOTOB/TEHH51 3yÖHaTbIX KON€C Ha TEUTABHOCTPE pa6oTBİ peyiyKkTOpa MeXaHHHeckoro TipHBO/la 
CTAHKa-KaHa/IKH /ULİ HOÖBIHH. HEİİTH, Ha OCHOBC CTTEHHa/IBHO pa3pa6oTaHHOİ MeTONiHKH 3D- 
MO/ICVTHpOBaHVIs OĞpa3OBaHVi5I KHHeMƏTHHECKOH TTOTpEHİHOCTH. /İaHHasi METONMKa 3aKİTEPOHa- 
€TCs B TİOCTDOEHHH TDEXMEDPHOH TBED/HOT€/IBHOH MO/T€NH 3yÖHaTOH rrepeyaun c 3a//1aHHBİMH 
HEpBHHHBIMH TTOTPEHHOCTSMH KO/€C H TTOC/TEHyTOHİHM MO/ICİTHPpOBaHH€M PaÖOTbi 3yÖuaToro 
sanernenns, Mozesmn. 3yöuaTbıx Ko/ec romnyuaroTcsi B pe3y?i5BTaAT€ MO/CİHPOBAHHSİ TiIpOHecca 
syöoHapesaHYısı, ƏTO TTO3BO/TSET  BKTEOHaTB: B MO/TENH  KO/T€C  TTOTPEİHHOCTH. H3TOTOB/TCHHİİ, 
BbI3BaHHBIC pa3:1HHHbIMH TEXHO/ZTOTHHECKHMH TIPHUHHƏMH, TAKHMH KAK, HaTipHM€Dp, KO/€Öa- 
HH3 3BEHB€B HEeTiH OÖKaTa cTaHKa, ÖHeHHS peokyıHeTo HHCTPyMEHTa H 3aTOTOBKH, TiOTp€Hi- 
HOCTH pe?KyIHIHX KDOMOK HHCTPyMEHTA, TIOTPeHHOCTH yCTAHOBKH pe?KyIHHX HHCTPyMEHTOB H 
T.u. 11pHBOyTsTCS CMONCHpOBaHHBIC TpadiıKH KHHEMƏTHU€CKOİH TTOTPEHİHOCTH. 3yÖHaTBIX 
repeHau, cocTrosuX H3 KOHN€C, KOTOPBI€ COH€poKaT OCHOBHBIC TTOTPCHİHOCTH. H3TOTOB/TEHHSİ, 
B/HSIOHIH€ Ha TETABHOCTb  pa6oTbi peyiyKkTOpa cTaHKa-KaHa/ıKH (TOTPeHHOCTH. ÖOKOBOTO 
TpoO r/n 3yÖB€B, TTOTPEHİHOCTB HTaTa 3aHeTETEHHİİ). 

KirroHeBbie C/10B3: CTAHOK-KadarKa, peyyKTOp, TTOTpeHİHOCTH, pa6OTOCTOCOÖHOCTB. 


DOl suffix: 10.36962/ETM10022022-57 


AVADANLIQLAR. TEXNOLOGİYALAR. MATERİALLAR 


CİLD 10 BURAXILIŞ 02 2022 


HOHBOP ZETA.TEH H Y3/1OB YCOBEPHEHCTBOBAHHbIX 
KOHCTPYKHHH 3A/IBH?KEK 


"Tbkama/iamyıH. Ac-ranoB, “PoBurana A-rnesa 

"Honemr, xb. no TeXHHKe, Kadbenpa “ITpoMbiHETEHHBİ: MaHmHbI”,  AsepöaiiypkaHeknii PocynapeTBeHHBİİ 
YHHBepcrrerT Heoru rv 1lpombirueHHOcTH, AsepöaiymkaHn, E-mail: tribo72(2mail.ru 

”Crapııni na6opaHT, “IlpombiuueHHbie ManılnBbi”, AsepöaiiymkancKnii TocyzraperBeHHbiii YHHBepcuTeT Heğri 
r IpoMmbiumeHHOCTH, Asepöafiypkan. E-mail: shana.azimliq) mail.ru 


AHHOTAHHSI 


B xoue HccıreHoBaHHs H3yuaIHCB HayuHBI€ OCHOBBI pa3pa6OTKH. yCOBEDIHCHCTBOBaAHHBİX 
KOHCTPyKLHHİE 3a/TBVOKKH. BBISCHVUTOCB, HTO  /VİS yCOBEDICHCTBOBaAHHS 33/TBHOKKH HEOÖXO- 
HHMO COÖ/TOHEHH€ TISTH. OCOÖBIX TipaBH, Takoöke ÖBUTO TTO?TyHEHO aHaETHHE€CKO€ BBİPA?K€- 
HH€ /U13 OHpenerneHHsa  TOZTHHEHBİ HHÖeCpa Cc yuecTOM €ro TiporHÖa B 33BHCHMOCTH OT 
MAKCHMA/"IBHOH HaTpy3KH. 

KunroeBbie c/10Ba: THÖ€D, CEVDT0, CKBA?KHHƏ, 3a/İBOKKa, YILTOTHHTETİBHBİİ y3eTi, ETAaIB. 


Pasep H dopMma yerTarefii 3ayBHOKKH. 3aBHCSIT OT MEXaAHHU€CKHX H TVVİDPOCTaATHHECKHX CHİH, 
KOTOPBIM OHH TTO/BepraToTcsi, KoHeTpyKHuysi yyeTanefi y3oB OXDKHa. ÖBİTB. BblöpaHa TaKHM 
o6pa3oM, HTOÖBI OHH MOT/H €TKO BBİTONHSİTB CBOH İ)yHKİHOHaIBHBİ€ OĞ3AHHOCTH. H 
O//HOBDeMEHHO oÖ€crreuHBaTBb OTTTHMAZIBHO€ pacrıpe/eeHHe T10//BeDTaCMBİX HarpsoKeHHİİ H 
nedbopmauHi . 

OnHOoH VH3 OCHOBHBIX TIPHHHH OTKa3a Tiapbi HiHÖep-Ce/DTO0  İBT3€TCS HX  HarpsoKxeHHOC 
COCTONHH€ H H3MEHEHH€ ()OpMBI COcyHHEHHS HeraneHi. Tak HTO, HOH HƏBICHHEM 
H3B/16KAeMOTO H3 CKBa?KHHBI TIDPOHyKTa, CBOOOHHO CHVISHTaS Ha. KONBH€  KpyT/Iasa HaCTB 
urnöepa TIpHOKHMA€TCS K paöoucii TiOBEpXHOCTH Ce/uTa, H. H3arHÖaeTCs T10 €TO paycam 
UHaMeTpaM). B pesy:ibrare HapyıaeTca TİPHHUHİ paBHOMEDHOTO pacrıpezeeHHs 
OTHOCHTE/IBHOTO HaB:TEHVSI Ha YILTOTHHTEİBHOİİ KOHTAKTHOH  TİOBEDXHOCTH. TlapBi HHÖEpP- 
ce/pno v H€ oğecrieuHBaeTCs TEDPMETHHHOCTP yIHTOTHHTErnsi İ11. 

Kpome ərToro, HaÖrozarcb cyuar T0BepXHOCTHOTO /IpOÖ/TEHHSİ Bi pe3y:ibTaTe 
HeoÖecrIcHeHHOCTH YyILHTOTHEHHS YILDTOTHHT€IBHOTO y3/1a TİPH. BBPICOKHX HaB/eHHsix İ21. 
HepaBHOM€pHO€ pacrıpe/ie eHH€ KOHTaAKTHOPTO HaTIps?KEHHS Ha 33H42AHHOH pa6ouei 
TIOBeDXHOCTH, TIpH yCHOBHH OTKDBİTHS H 3AKDBİTHS 33/İBFOKKYİ, /İBHOKEHH€ HHÖepa Ha3ayı H 
BTTEpe/ pa3pyıaeT pa6ouyıo rioBepXHOCTB, HapyıaeT yILTOTHEHH€ H pa3pyıaeT KOHTaKTHYIO 
TIOBEpXHOCTb €META/LI-M€TA/LD). 

I1o əroii rıpHuHH€ CTOHT 3aHaua paspa6oTaTB KOHCTpyKLHİO 33/İBHƏKKV, oĞecrieuyBaroLMeH 
paBHOMepHoe pacırpe/eneHH€ HaTIps?KEHV5I Ha KOHTAKTHOH TİOBEPXHOCTH TTapBİI HHÖep-ceyimo, 
C yCTOHUHBBIMH K KOPpoO3HH yIUTOTHHTE/IBHBİMH y3/13MH, 

YuHTbIBas, HTO OCHOBHBIMH  BEHyHHMH. HaCT3MH y3/1a 3aİBHOKKH  SB/TSTFOTC3M ero HHÖep H 
CC/UT0, OHEHB Ba?KHO CHaHa/la orrpezemiTE. X XopMy H pa3Mep B KOHCTpyKMHHH. /İpyrne 
ƏHIMEHTBI, KOTOPBI€ KOHCTDyKTHBHO CB3S133HBI C HHMYİ, /1071ÖKHbI OCHOBBIBƏATbCSI Ha XOpPOLHIO 
H3BECTHOİİ TEOPHH TIpPOHHOCTH, B 33BHCHMOCTH OT 3HaHEHHİ TIPHHHMA€MbIX /İAB/EHHİ H 
nedbopMmanyi. HlpuHa yIvTOTHHTEİZBHOH  TTOBEDXHOCTH. Ceyla OTpeHeieTcsa BETHUHHOH 
HOHyCTHMOTO /IaB/TEHHS /UDT: MaTePHAa/a, HCHOZB3y€MOTO B CYIHeCTByEOLLHX 3a/HBHƏKKƏAX. Vİ3 
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pacueToB, CH€aHHBIX VT 33//BHOKEK, pa6oTaroMnx TOZ BBIİCOKHM  /TAB"1EHHEM, MO?KHO 
CI€TaTB BBIBO/I, HTO HİHPHHa KOHTaKTHOH T10BEDXHOCTH C€/LU13 MOXKET BaDBHPOBATBCS OT 12- 
32 MM. Pas3Mep HIHPpHHBI ceza orpeHeiiieT HƏH?KHOCTB KOHTƏKTa, HO K TİDPHHSTHEO OHEHB 
Co/bIHOTO pa3Mepa Hy?KHO OTHECTHCB H€ziecooöpa3HO. TaK "TO, B pe3yzibTaTe raÖaprTHBIC 
pa3Mepbiı 3a/IBH?KKH YBC/HUHBaTOTCM4, H TpeöyeTcs ÖOzblOİ KpyTsIHHİİ MOMECHT VT 
BpalHeHH51 HITIHHYETİ, yBETHUHBaS pacxoli MaTepHarıa T31. 

Tonmnyna umöepa — onHH H3 TTapaMeTpOB, oÖecrieuHBaroHİX Ha/T€?KHOCTB pa6onero peokMa 
urnöepa. Ero pa3Mep orpeyreriseTcs CİTOCOÖHOCTBEO  33/İBHOKKH. BBH€poKHBaTE 11€d)opMaLHH, 
BbI3BaHHbIC pa6ouHM HaB/T€HHEM B 33KDBIİTOM COCTOSHHH. Vİ3BeCTHO, HTO cO3yyaHH€ T10/7HOH 
HACaTIBHOH KOHCTPyKUHH — C/1O2KHas 3aHana, B Ka?KHOH KOHCTPyKUHH, BK/EOHaS 33//BFOKKH, 
HMCIOTC34 OTHpeHeeHHBI€ TIPEHMyIHECTBAa H HEHOCTaTKM. BOZBMHHHCTBO HE/LOCTATKOB 
rıpHxoHHTCs Ha Tapy mnöepa H cezei. OHHHM H3 HaHÖONC€ Ba?KHBİX BOHPOCOB, 3İB/13€TCsH 
o6ecrreueHHe TepMETHHHOCTH ƏTOİİ TapBI, YMEHBIHEHH€ CHUIBİ TPEHHS, BBI3BAHHOİİ 
HBVOKEHH€M HiHÖepa BiTepeyi H Ha3ayı, yeTpaHeHH€ TPEHHS TİOKOS, BO3HHKUVETO TipH cTHÖaHHH 
Ho// H€İİCTBHeM pa6onero zaBeHys, B- ƏTOM CiTyuae, CT02KHOCTB TTEPEMCİHEHVİSİ THÖepa 
BTICP€/H H Ha33/) B H3BECTHbIX KOHCTPYKUHSİX, H BO3MO?KHOCTB H3TYÖa HiHÖepa To// HCİİCTBHEM 
pa6ouero HzaBeHHs, TIPHBO/EPIT K YBEHTHHCHHİO H3HOCA KOHTaKTHBIX TİOBEPXHOCTCİİL /İrs 
ycTpaHeHH5s ƏTHX TIDPHHHH, TIpH pa3pa6oTKe HOBBIX KOHCTPyKUHİH: YILTOTHSEOHİETO  Y3/1a, 
H€OÖXO,/IHMO yUHTBIBaTB C/T€yiyTOHİH€ yCITOBHSİ: 

- KOHCTpyKHH51 C€/UTa H1OTDKHa ÖBİTTB BblÖpaHa TaK, HTOÖBI pa6onası T1OBeDXHOCTb CEeyuma Tip 
MAKCHMATIBHOM H3THÖ€ mHHÖepa öbla paBHOMEPHO H3THÖaCMOİ, 

- Ha OCHOBaAHHH ƏTOTO H3THÖa HeOÖXONHMO /1OpaOTaTB YILTOTHHTETİBHBİC Y3İİbİ, 

- CH€HyeT OÖHOBHTB BbiÖOp MAT€pHara HerarneH yIUTOTHS4TOTOHICTO y31a H TIPOBECTH 
OÖHOB:IE€HH€ B COOTBETCTBHH € TIPHHHYTIOM KOHCTDyHDPOBaHH41, 

- IULI: OĞECITeHeHHSİ TIDPİMOTOHHOTO TTOTOKa ?KHKOCTV, TIPH. pa3pa6oTK€  YILTOTHHTESİBHOTO 
y3a B KIIHHOBbIX KOHCTDyYKUHSX 33//BHOKKH, BO BPEMSI 33KDBİTH3 H OTKDBİTHS31 YT?Ia KİIHHa B 
MOM€HT€ /IBH?KEHHsI HIHÖepa BrTepez H Ha3ayı, HeOOXOHHMO OÖEeCTIEHHTB HBHOKEHH€ Ceyma 
Ha3a/ı H BH€p€H. 

B yıryuMHeHHOH KOHCTPyKHHH H3TOTOBHEHH€ yILTOTHHTE/IBHOTO y3/1a H3 TpeX uacTeH H 
TIPHMEHEHH€ yIIDyTOTO 3:16MEHTa B HX KOHCTPyKHHH oOÖecrieuHBaeT paBHOME€pHOC 
pacrıpeyeneHHe HaripsoKeHHİİ TO KOHTAKTHbIM  TIOBEDXHOCTSM İ41. Tak TO, BO BPEMS 
OTKDBITHS H 33KDBITH3 TIEpBasi HaCTB HİHÖepa, Ha KOTOpyIO B P€3y/İBTaT€ paöonero HaB/eHHisi 
HeHCTByeT C?KHMAƏPOHTa3 CVUTa, TIPHOKHMƏCTCS K METATUTHHECKOMY KO/ZBLy, KOHTAKTHpyOHƏEMY 
c HeH. B əToM cuyuae METaTHHECKO€C  KONBHO, yCTAHOB/HHOC Ha OHHOH H3 CTOpPOH € 
TIOMOLHBEO Ə/TEMEHTAa Ha BHYTpeHHE€H CTOpOH€ KOPTİYCAa, TIOTİOHİAET HaTIpa5KEHH€ HEC TO/IBKO B 
O/HOH TOHK€, HO H 110 BCEH HOBEpXHOCTH, HTO TIPHBOHHT K pDaBHOMEPHOMY pacrıpeHzeeHHEo 
HaTIpsDKEHH3. 

/Vlurs o6ecrreneHyisi pa6oTocrocOÖHOCTH. TTPE/ZUTaTaAeMOH  KOHCTPyKHHH. TİPH. MAKCHMƏTBHOM 
nvarvöe möepa, KONBHO HEOOXOHHMO H3THÖaTB T10// YTTTOM 0, TİOCAHOHHOTO MECTa K 
MAKCHMA:IBHOMY H3rHÖy HinTa. OH orpeleinieTcsa HEXOZS H3 MAKCHMAZIBHOTO TiporM6a 
unöepa roy 0-yTOM TİOCATIOHHOTO MECTAa KOTBİHA. 


o - arctg ik (1) 


TH€ hi — Rüz — Rpka: Raz — BHEHİHHH  pazyc: KOMZBHa, Rkaq — ƏTO BHYTDPEHHHH paHzyc yIHTOT- 


HHTECVLH. 
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IIpoBeyreHHbie HCCTEHOBAHHS T1OKa3a/IH, HTO 33/1BHOKKa COXpaHseT pa6oTocrOCOÖHOCTP TİPH 
rpornöe möepa Ha 1 MM, HO /BH?KeHH€ HHÖepa Brlepez, H Ha3ayı CTAHOBHTCS3 3aTpy/l- 
HHTETBHBİM İl. /İris o6ecrreneHns pa6oTBi 33HiBVOKKH TİPH MaKCHMATIBHOM TipoTHÖ€ rivöepa 
TIpe/TI0/13Ta€TCH MAKCHMAZIBHBIH TIPOTHÖ C€ZUTa KO/VBHA Ha celUle Ha yPror 0L- y — Ü,001 M. 


— -.PDi. .53ys 
YUM” 1024D 13ys (2) 
yuHTbıBası D B (2) rosryuuM 
— 12PDgo:(1—y5 (51ys) (3) 


1024Eh3 (14Eyg) 


B BbipaxkeHHH (3) MO?KHO OTpeHenHTb. ToNHIHHy, oĞecrreuBaroNiyro pa6oTocrOCOÖHOCTB 
YILTOTHHTE/TIS TİO MAKCHMA/IBHOMY TiporHöy nmöepa. 


ə İrzP:D2:(5-y)(-y”) (4) 
1024E(147):y 

3anaHHas TomHHa Hnöepa B 1,5 pasa MEHBUI€ cyiHeCTByTOHİCİH TOZHHHBİ HHÖepa, "To 
TIPHBO/HHT K CHHOKCHHIO MaATEPHaTOCMKOCTH. /İyrs o6ecrreneHHs Ha/eSKHOİİ pa6OTbi 33İBOKKH 
TIpH 3anaHHOİ ToxuMH€ HuHÖepa, HeOOXOZ/MMO pa3pa6OoTaTB HOBBIC€ KOHCTPYKHMHH. MEXƏHH3Ma 
OTKDBITH3 H 33KDBITHS 3a/İBHOKKH, oÖecrreuvBaroHiMe HayyeəKHylo paöoTy. B TOM CMBİCİ/€ 
TIPE/UTO?KEHHas KOHCTPyKHMS 33/IBHOKKH, paccuTaHHas Ha coXpaHeHH€ CyiHeCTBYTOLHİ€H 
TO/HHIHHBI HIHÖ€Cpa, B XOH€ ƏKCİEDHMEHTAa TIDPOTMOHCTpHpOBa/a BBICOKYTO HƏ/İC?KHOCTBb H 
HonroBeuHOcTP. /İBy?keHHe möepa Brrepez H Ha3ayı cTaro nerue B.1,2 pasa T61. 
IlpezpraraeMble KOHCTPYKUHH. 3a//BHXOKK OÖĞeCTreuHBarOT BBICOKYIO TEDMETHHHOCTb B 
CKB32KHHƏX € BBICOKHM /1aB/TEHH€M H MOTYT HETKO ƏKCILUTyaTHpOBaTBCs B pa6ouvx ycoBHSİX, 
H3TOTOB.,ICHBI B KIHHOBOM HCTOZHEHHH, € COXpaHEHH€M TİPHHUHTİa TIPSMOZTHHEHHOCTH 71. 
ƏTH KOHCTPyKUHH T103BO/TSOT YMEHBIHHTB YUTH. yCTpaHHTP TİDPHHHHBİ H3MCHCHH51 /AB/ICHHS1, 
CO3/1AHHBIX /IHHaMHH€CKVHX CH/T TIPH. OTKDBİTHH. H 33KDBİTHH. HiHÖepa, a TaK?Ke CəKHMATOHİHX 
CVUT H3-3a H3rHÖa TacTHHBİ. C 1DyTOİİ CTOpOHBİ, CAMOC T:TaBHO€C — TIHATEİBHBİHİ: Bblöop 
KOHCTpyKMHHH Z€Ta/T€iHi yILTOTHHTE:IBHOTO Y3/13 TIDOTHB /HHƏMHECKVX CUT, HTO TIPHB€HeT K 
HO"ITOBEHHOCTH 33/IBHOKKH. 


BbıBoM: Bburo HPpHMEHECHO HICCTB HDaABHT /UTT yCOBCDHİCHCTBOBaHHS3 324HBH?KKT H HOVHCHO 
aHa/HTH"€CCKOC BBIpa?KEHTİC /UTT OHDCMHƏCHYİS TOVIHTFEHBI mnöepa. 
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XÜLASƏ 


Tədqiqatın gedişində təkmilləşdirilmiş siyirtmə konstruksiyasının işlənilməsinin elmi əsasları 
öyrənilmişdir. Aydın olmuşdur ki, siyirtmənin təkmilləşdirilməsi üçün beş xüsusi qaydaya 
riayət etmək lazımdır. Həmçinin, maksimum yüklənmədən asılı olaraq siyirtmənin əyilməsi 
nəzərə alınmaqla, şiberin qalınlığının təyini üçün analitik ifadə alınmışdır. 

Açar sözlər: şiber, yəhər, quyu, siyirtmə, kipləndirici düyün, hissə. 
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ABSTRACT 


In the course of the study, the scientific foundations of the development of advanced valve 
structures vvere studied. 

It turned out that the enhancement of the valve requires compliance vvith five special rules. 

An analytical expression vvas also obtained to determine the thickness of the gear, taking into 
account its deflection depending on the maximum İoad. 

Keyvvords: gate, saddle, vvell, valve, sealing assembiy, detail. 


DOl suffix: 10.36962/ETM10022022-67 


E 
— 


ə EQUIPMENT. TECHNOLOGIES. MATERTALS 


ETM 


VOLUME 10 ISSUE 02 2022 


STRUCTURAL ANALYSIS OF GATE VALVE BODY 
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ABSTRACT 


Gate valves are machine elements vvhich are commonly used to control the flovv of volatile, 
often toxic, liquids and gases and keep them from being emitted into the atmosphere or spilled 
on the ground or into the vvater. This gate valve is vvidely used in various industries like 
refineries, petrochemical complexes, fertilizer plants, povver generation plants (hydro - 
electric, thermal and nuclear) steel plants and allied industries etc. for a various process. This 
paper gives basic methodology of gate valve body design by using cad technologies and FEA 
at maximum operating pressure. The main purpose is structural analysis to be carried out for 
determining stresses and strains developed in the valve body. 

Keyvvords: gate valve body, structural analysis, FEA. 


Introductıon: The first design of a product that has been in the head of the engineers is 
illustrated in computers and then produced by computer-aided machines. The analysis 
processes of a product of vvhich solid modeling have been accomplished can be carried out by 
ANSYS and similar analysis programs in digital environment, before starting manufacturing. 
These processes give the companies flexibility in the development of a nevv product by 
providing design capability vvith minimum cost and minimum vvaste of time. ANSYS 
program, vvhich has been used in this study, can make the analysis of the substances in many 
subfects including static, dynamic, thermal, harmonic and electromagnetic. 

A lot of research has been done on gate valve other than its valve body is described here in 
brief. Kim, Park, Kang, Kim 111 have analyzed rate of loading phenomenon generated during 
the operation of a motor operated gate valve under fluid pressure conditions for performance 
evaluation. Dynamic 8z static test vvere performed to analyze the ROL effect for flexible 
vvedge gate valve. Duda, Davvid Rzasa 121 has applied nevv numerical method to determine 
optimum operating parameters i.e. heating 8: cooling operations of steam gate valve during 
start up and shut dovvn phase based on thermal stress analysis. Punitharani, Murugan, 
Shivagami 131 has studied the effect of establishment of temperature distribution, distortion 
and residual stress field developed during plasma arc hard facing over lovv alloy steel gate 
valve by FEA using ANSYS parametric design language code. Zaimovi€-Uzunovit, Afan et al 
141 analyzed butterfly-valve body at vvorking loads, max. pressure 8: temperature using CAD 
technologies and FEM. Analysis of CAD model of stress strain state vvas performed by 
defining the input elements like loadings, boundary conditions and material properties vvhich 
shovv the information to make possible corrections. Peng Guangiie,VVang Zhengvvel, et al 151 
analyzed centrifugal dredge pump case for stress concentrations using FEA. ANSYS vvas used 
in 3D FE analysis of several pump case designs to calculate the distortions and stresses for the 
service load. 

From this revievvs of research papers it is seen that there is a scope for structural analysis of 
gate valve body by using methodologies like finite element analysis. 
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Gate valve 8z its basic parts: A gate valve or sluice valve, as it is sometimes knovvn, is a valve 
that opens by lifting a round or rectangular gate/vvedge out of the path of the fluid. A gate 
valve is used to control the flovv of volatile, often toxic, liquids and gases and keep them from 
being emitted into the atmosphere or spilled on the ground or into the vvater. A gate valves are 
sometimes used for regulating flovv, but many are not suited for that purpose, having been 
designed to be fully opened or closed. 

A gate valve controls system or process fluid flovv and pressure by performing any functions 
such as stopping andbstarting fluid flovv, varying (throttling) the amount of fluid flovv, 
controlling the direction of fluid flovv, regulating dovvnstream system or process pressure. The 
basic parts of expanding gate valve assembly vvith the constructional detail shovvn in fig.1 are 
explained as belovv: 

Valve body: An expanding gate valve is a Bi-directional valve i.e. they can be used for flovv 
of fluid from either directions. Hovvever, it is preferable that it should be installed such that 
flovv is directed tovvards the minor segment. The valves can be made of carbon and alloyed 
steel using gravity casting method. 

Mafor 8: minor gate segment (Expanding gate): An expanding gate valve vvith steel bodies 
and bonnets comprises of tvvo gate segments, referred to as mafor gate and minor gate 
segment, are confined by the seats and gate guides such that they can move in vertical 
direction only. The expanding gate design provides a tight mechanical seal vvhich is normally 
unaffected by pressure variations. 

Spring vvith pin: The mafğor (driving) gate segment is connected by thread to the operating 
stem. The minor (driven) gate segment nests to the ma?or segment on a biangular surface and 
they are held together by leaf springs on each side. 

Seat assembly: Gate valve is equipped vvith removable seats vvhich are fitted into the valve 
body. The seats along vvith teflon coating are press fit into the body to affect a metal-to metal 
body-seat seal. 

Stem: Gate valves are characterized as having either a rising or a non-rising stem. Rising 
stems provide a visual indication of valve position because the stem is attached to the gate 
such that the gate and stem rise and lovver together as the valve is operated. 

Bonnet vvith bearing box: Bonnets provide leak proof closure for the valve body. Gate valves 
may have a screvv-in, union,or bolted bonnet. Screvv-in bonnet is the simplest, offering a 
durable, pressure-tight seal, Union bonnet is suitable for applications requiring frequent 
inspection and cleaning. It also gives the body added strength. Bolted bonnet is used for larger 
valves 8z higher pressure applications. 
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Figure 1. Sectional vievv of Gate Valve. 


Hand vvheel: The hand vvheel operated gate valve is closed by turning the hand vvheel in the 
clockvvise direction and opened by turning the hand vvheel in the counterclockvvise direction. 


Design methodology: The structural modeling of the gate valve body needs to be developed 
by using computer-aided design (CAD) softvvare CATTA. Descritisation of valve body is to be 
done by importing CAD model into Hyper Mesh 10 softvvare and begin the meshing on the 
valve body. Meshed valve body imported for structural analysis into computer aided softvvare. 
The solver tool is used to solve the analysis equation from ANSYS. The finite element 
analysis (FEA) then carried out on the valve body. 


Finite element analysis: This paper comprises the development of structural modeling vvith 
CAD softvvare, finite element modeling using hyper mesh softvvare and analysis by using 
solver tool such as ANSYS softvvare. The finite element analysis (FEA) then carried out on 
the valve body. 


A.3D Modeling of valve body: In ANSYS it”s very difficult to model the part vvith 
parametric modeling as compared vvith the available modeling softvvare. The structural 
modeling of the gate valve body is developed by using computer-aided design (CAD) 
softvvare CATITA V5. The created 3D model of gate valve body is as shovvn in fig.3. 
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CREATE 3D CAD MODEL OF 
VALVEBODY 
DESCRITISATION OF MODEL 
OF VALVE BODY (MESHING) 
SPECİFY MATERİAL PROPERTİES 5 


APPLY BOUNDRY CONDİTİONS AND 
LOAD ON MODEL OF VALVE BODY 


ANALYZEMODEL OF VALVE 
BODY AND GET THE RESULTS 


Figure 2. Flovv chart of design methodology. 


Figure 3. CAD model of valve body. 


B. Meshing of valve body: In this step it is required to divide the total volume into small 
simple regular volumes, so that it can be easily meshed. Mesh 

generation is the process of dividing the analysis continuum into a number of discrete part or 
finite elements. 

Descritisation of valve body is to be done by importing CAD model into hyper mesh 10 
softvvare and begin vvith the meshing on the valve body. For geometry interfacing and 
cleaning up hyper mesh is used as robust tool to clean (mend) imported geometry containing 
surfaces vvith gaps, overlaps and misalignments vvhich prevent auto meshing and high quality 
mesh generation. 

Basic finite element shape- Once the geometry vvas cleaned, the design space volume is filled 
vvith finite elements using the auto-mesh features of hyper mesh. VVe can idealize the valve 
body by using the three dimensional as vvell as higher order elements. For the discretization of 
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problems involving curved geometries, finite elements vvith curved sides are useful. Finite 
elements vvith curved sides are called higher order elements. SOLID 45 has a quadratic 
displacement behavior and is vvell suited to model irregular meshes. Hence, model is meshed 
by using SOLID 45 element as shovrn in fig.4. 

Size of finite element- If the size of the elements is small, the final solution is expected to be 
more accurate. But computational time is required more for analysis of valve body. For that 
purpose, analysis is done by varying element size like 7, 8, 9 and 10 so that they vvill give 
results closer. For analysis of gate valve body to get better result and lesser computation time, 
finite element size is taken as 10. 


Figure 4. Meshed model of valve body. 


C. Material properties, boundary conditions and load: Material properties- Stresses and strains 
Of the valve body are essentially dependent of the properties of the material of valve has been 
made, The material specification for casting of valve body is used as ALLOY STEEL, API 
6A-75K vvith reference of ASTM A487 CLASS AD moeodified. Modulus of elasticity E “ 
2.03x104N/mm3, Poisson ratio u — 0.29, mass density 0.278 Ib/inch” and yield strength 560 
N/mm.. 

Boundary conditions- Pressure is uniformly distributed all over the body by flovving fluid. The 
tvvo end flovv line connection or flange and bonnet side vvill be restricted to prevent 
displacements and pouring of the fluid. AlI degree of freedoms of bottom of valve body is 
restricted and it is shovvn vvith the help of blue color in the fig.5. The model is fixed by the 
restraints to prevent all possible motions to the system of reference. 

Load: Structural loading means applying internal hydraulic pressure to valve body. Internal 
pressures 34.5 MPa as operating pressure and 56.5 MPa as test pressure are applied on all 
inner surface of a valve body, vvhich is shovvn by red colored arrovvs in the fig.5. 
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Figure 5. Valve body vvith Boundary conditions 8z loading constraints. 


D. Results and their physical interpretation: 

The finite element method (FEM) solves for the nodal displacement and from this the element 
strain and stresses are calculated. It gives the results that are revievved for the analysis done, 
by obtaining graphic displays such as stress plots. Results of FEA for 34.5 MPa internal 
pressure condition are shovvn in follovving figures: 


Figure 7. 3rd principal stress and von mises stress. 
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From above obtained results it is clear that the maximum principal stress (1st principal stress) 
345.06N/mm” founds in the inner vvall of end line flovv connection at 34.5 MPa internal 
pressures. VVhile minimum principal stress (3"" principal stress) 49.14 N/mm” found at outer 
surface i.e. connection betvveen bovvl and flovv connector for 34.5 MPa internal pressures. And 
von mises stress plot gives maximum stress 313.24 N/mm”. 

Results of FEA for 56.5 MPa internal pressure condition are shovvn in follovving figures: 


Figure 9. Von mises stress plot. 


From above obtained results it is clear that the maximum principal stress (1st principal stress) 
566.54 N/mm” founds in the inner vvall of end line flovv connection at 56.5 MPa intemal 
pressures. VVhile minimum principal stress (3"" principal stress) 80.70 N/mm” found at outer 
surface i.e. connection betvveen bovvl and flovv connector for 56.5 MPa internal pressures. And 
von mises stress plot gives maximum stress 515.19 N/mm”. 
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Conclusion: From FE analysis, it is clear that the maximum principal stress (1st principal 
stress) founds in the inner vvall of end line flovv connection at operating as vvell as testing 
pressure. VVhile minimum principal stress (3rd principal stress) found at outer surface i.e. 
connection betvveen bovvl and flovv connector at operating as vvell as testing pressure. As the 
internal pressure acts on the internal effective pressurizing area of valve body, results to 
expand the valve body. As the internal pressure increases stresses in the valve body increases 
linearly. And von mises stress plot gives maximum stress values 313.24 N/mm” and 
515.19N/mm” are found vvithin yield strength limit. 
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XÜLASƏ 

Düzaxınlı siyirtmələr əsasən uçucu, zəhərli maye və qazların axınını tənzimləmək, onların 
atmosferə sızmasının və yaxud torpağa və suya qarışmasının qarşısını almaq üçün nəzərdə 
tutulan elementlərdir. Bu siyirtmələr adətən neft emalı zavodu, neft-kimya kompleksləri, gübrə 
planatsiyaları, elektrik stansiyaları və digər sənaye obyektlərində geniş istifadə olunur. Bu 
məqalə düzaxınlı siyirtmənin gövdəsinin ən yüksək istismar təzyiqində CAD (Kömpüter 
Dəstəkli Dizayn) texnologiyası və FEA (Sonlu Element Analizi)-nı istifadə edərək dizayn 
edilməsi üçün sadə metodologiya haqqda məlumat verir. Struktur analizinin əsas məqsədi 
siyirtmənin gövdəsində yaranan təzyiq və gərginliyi təyin etmək üçündür. 

Açar sözləri: düzaxınlı siyirtmənin gövdəsi, struktur analizi, FEA. 
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ABSTRACT 


Rectification process is vvidely used in oil and gas processing and petrochemistry. The 
composition of the bottom product of the rectification column usually differs from the 
equilibrium composition due to significantly higher content of light components or fractions. 
This stipulates a necessity to include into the technological schemes of several oil refining 
processes a stabilization unit that are meant to ensure separation of gases and liquid products. A 
highly relevant task is to explore nevv possibilities for improving the stabilization process. The 
aim of the present vvork vvas to improve the stabilization process by changing the 
operating pressure. It vvas found that increasing the pressure in the stabilization column 
enhanced the sharpness of separation of butanes from pentanes, vvhich resulted in improving the 
quality of the products. The experimental-industrial runs confirmed the possibility of increasing 
the efficiency of stabilization columns in various processes by increasing the pressure vvithin 
acceptable limits. 

Keyvvords: rectification process, sharpness of separation, stabilization column, pressure. 


Introduction: The process of rectification has been vvidely used in petroleum refining and 
petrochemistry for quite a long time and considered by many researchers 111-141. By means of 
rectification during the oil and gas primary processing the straight-run fractions are obtained 
for their subsequent use as a feedstock in the processes of production of motor fuels or in the 
petrochemical industry T11. It is also important to use rectification for the stabilization of final 
products 151. 

Due to high energy consumption in the rectification process the problems of energy efficiency 
of plants have attracted particular attention 161, T71. There is an eventual necessity for 
improving the process technology to increase the rectification efficiency. 

The choice of pressure in the rectification column is usually associated vvith a required 
temperature regime 111, 181, 191. The studies available on the effect of pressure on the 
efficiency of rectification columns have often been controversial 171, 1101, 1111. Previously, it 
vvas theoretically shovvn that the sharpness of fractionation of rectification columns in the 
process of operation can be substantially improved by increasing their operating pressure 112), 
1131. On this basis, recommendations on ensuring the sharpness of fractionation in the 
deethanization columns by increasing the pressure vvere developed 1141. Tt is of considerable 
interest to investigate the possibility of increasing the sharpness of fractionation by changing 
the pressure in other rectification columns, including stabilization columns vvhich enable 
separation of gases and liquid products. 
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Scope for increasing the efficiency of stabilization columns by changing the operating 
pressure: Stabilization columns are included into the technological schemes of a number of oil 
refining processes to improve the quality of products. The process of stabilization is the 
separation in stripping columns of gases, including butanes, and liquid products, starting 
vvith pentanes. The process is used for the separation of gasoline from associated petroleum 
gas and production of gasoline in various refining processes, as vvell as for processing 
deethanized condensate. 

The rate of the gas-liquid interaction is determined by the diffusion of the gas into the liquid. 
VVhen increasing the pressure, the contact time betvveen the gas and liquid phases increases 
and the surface tension at the gas-liquid interface decreases due to an increase in the gas 
density. This leads to an increase in the dispersion of gases bubbling through the liquid and 
effect of pressure is supposed to accelerate the diffusion interfacial mass transfer. The rate of 
diffusion G (the amount of substance diffused per unit time, kg/s), according to the Fick"s 
first lavv, is determined by the eqn (1): 


Gk x(zey-Pox) (1) 


vvhere K is a coefficient, s”/em”, D is the coefficient of diffusion of the gas molecules into 
the liquid, em”/s, F is the gas-liquid contact area, cm”: ö in the thickness of the boundary 
film, em, zt is the overall gas pressure, Pa, P is the partial pressure of a diffusing component 
in the liquid, Pa, y is the mole fraction of the component in the gas vapor, x is the mole 
fraction of the component in the liquid. 

According to the eqn (1) an increase in the overall gas pressure vvill lead to an increase in the 
diffusion rate. 


Investigation of the effect of pressure on the efficiency of stabilization columns: In order 
to investigate the effect of changing the pressure in the rectification system on the efficiency 
of the stabilization column, the experimental-industrial run vvas carried out on the basis of the 
installation for the lovv-temperature condensation at the Sosnogorsk gas processing plant, LLC 
“Gazprompererabotka” (Sosnogorsk GPP), vvith a constant capacity of 280,000 m”/h of the 
associated petroleum gas. 

Under the experimental-industrial run of the column equipment the operating pressure range 
for the debutanizer vvas changed from 0.9 to 1.2 MPa. The upper limit of the parameter 
considered vvas limited by the maximum operating (routine) value of the installation pressure. 
The loading of the butane column vvith the column feedstock vvas 14 t/h. 

Results of the study of the effect of pressure on the operation of the butane column are 
presented in Table 1 and Fig. 1. 

The obtained results of the experimental-industrial run of the butane column of the 
Sosnogorsk GPP revealed that increasing the operating pressure in the debutanizer during the 
APC processing resulted in the significant improvement of the sharpness of separation of the 
target products. 

Table 2 presents the information on the design and average statistical data on the operating 
mode for the stabilization columns of straight-run gasolines of several oil refineries. 
According to the data presented in Table 2 all the stabilization columns provided the output 
of the conditioned fraction IBP—1809C. 
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In each case, there vvas a margin of quality regarding the requirements for butane content. 
The content of pentane in the column top product vvas in a range of 2.17—2.38 vvt.?6. The 
stabilization columns under consideration had comparable technological modes of operation. 
The temperature regime and reflux-to-product ratio corresponded to the optimum values 
allovved by the technological regulations. For each plant, there vvas a significant scope to 
increase the operating pressure in the column to the values allovved by the technological 
regulations. AlI stabilization columns had the same type of contact devices — valve plates, 
their number for the columns under the study vvas in a range of 27—40 plates. The sharpness 
of separation in the stabilization columns, presented in Table 2 along vvith changes in the 
indicators of the technological regime and the number of contact devices, remained virtually 
unchanged. 

Table 3 and Fig. 2 shovr the results of the study on the effect of pressure on the stabilization 
of gasoline containing 6.52 vvt.?o of C,Hio and 18.8 vvt.?6 of C.Hiş. Experimental-industrial 
run vvas carried out at the Surgut condensate stabilization plant (CSP). 


Table 1. Experimental data on the operation efficiency of the debutanizer 106-C: of the 
Sosnogorsk GPP. 


Parameter of the mode Value of parameters at the given pressure, MPa 

0.90 1.00 1.10 1.15 1.20 
İTop temperature, ”C 60 61 63 64 66 
Bottom temperature, ”C 128 127 128 129 128 


İData of the analytical control: 
(Content of C.H: in the propane- 
butane fraction, 96 

Content of CəHaşCAHəo in the 
casinghead gasoline, 96 


2.16 1.11 0.37 0.10 0.05 


0.89 0.72 0.33 0.15 0.09 


Sharpness of separation, vvt 96 


0.8 0.9 1.0 1.1 12 
Pressure, MPa 


co 
də) 
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Figure 1. Influence of pressure in the butane column of the sharpness of separation: 1 — 
content of CsHış in the propane-butane fraction, vvt.?6, 2 — content of CsHs”CəHıo in 
casinghead gasoline, vvt.?6. 


Table 2. Statistical data of several petroleum refineries on the operating of the stabilization 
columns of straight-run gasoline fractions vvith boiling range IBP—180"C. 


Value of indicators 


Designation of indicators Novoshakhtinsk İLLC cYeniseə, . ı 
3 : Nizhnekamsk refinery 
refinery iUsinsk 
(Contact devices: 
Ype iValvate 
INumber, units 31 27 40 
Distance, mm 700 700 700 
iPressure value, MPa 
Operating 0.80 0.80 0.80 
IPermissible 1.40 1.80 1.40 
emperature value, ”C 
op 63 67 67 
iBottom 187 190 188 
Feedstock input 170 168 174 
iReflux ratio 0.0 B.5 8.7 
(Content of CAH?p in the fraction 
stabilized TBP-180"C, vvt.96 5 5 7 
Content of C-Həə in the head fraction of 2.38 24 2.17 
stabilization, vvt.?6 


The data obtained demonstrate the possibility of significant improvement in the efficiency of 
the stabilization columns of straight-run gasoline at elevated pressure, vvhich results in 
increasing the sharpness of rectification. Thus, vvhen increasing the pressure from 0.8 to 1.4 
MPa (vvhich corresponds to the allovvable pressure for the stabilization columns of 
Novoshakhtinsk and Nizhnekamsk refineries, Table 2) in the experimental-industrial run 
undertaken, both C,H:o content in stable gasoline and CsHış content in the head fraction of 
stabilization at different capacities vvas reduced by 57—8296 and 53— 8896, respectively. VVhen 
increasing the pressure from 0.8 to 1.8 MPa (corresponding to the allovvable pressure for the 
stabilization column of oil and gas producing enterprise LLC cYeniseiəp, Usinsk, Table 2), 
CaH?o content in stable gasoline and C:Hış content in the head fraction of stabilization at 
different capacities vvas reduced by 86—9696 and 85-97£6, respectively. 

Table 4 and Fig. 3 present the results of study on the effect of pressure of the process of 
stabilization of deethanized condensate vvith the density value of 677.9 kg/m” (at 20”C). 
Composition of feedstock, vvt.?6: CıPCə —0.5, Ca—12.09) i-C.—7.14:, n-C,—10.6, i-C: —5.47, n- 
C:—5.29. Experimental-industrial run vvas carried out at the Surgut CSP. 


Table 3. Operating mode of the gasoline stabilization column of the Surgut CSP at the 
constant output and variable pressure. 
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Value of indicators at the given pressure in the column, MPa 
iİDesignation of indicators 

0.80 1.00 1.20 1.40 1.60 1.80 
Feed capacity of the stabilization column of 70 m"/h 
Top temperature, ”C 67 iələ) 63 67 69 70 
iBottom temperature, ”C 190 190 192 190 192 191 
iReflux ratio 8.5 8.5 8.5 8.5 8.5 8.5 
Content of C,Həp in stable gasoline, vvt.?6 1.89 1.23 0.71 0.34 0.16 0.07 
(Content of CH): in the head fraction of 2.24 1.47 0.78 0.26 0.19 0.06 
stabilization, vvt.?6 
Feed capacity of the stabilization column of 100 m"/h 
Top temperature, ”C 67 69 63 70 70 71 
iBottom temperature, ”C 191 190 192 191 193 192 
iReflux ratio 8.5 8.5 8.5 8.5 8.5 8.5 
Content of C,Hip in stable gasoline, vvt.?6 2.91 2.43 1.66 1.07 0.62 0.27 
(Content of C:H/? in the head fraction of A.06 3.36 2.19 1.02 0.67 0.31 
stabilization, vvt.?6 
Feed capacity of the stabilization column of 140 Mh 
Top temperature, ”C 69 72 70 71 73 72 
iBottom temperature, ”C 193 195 196 194 196 195 
iReflux ratio 8.5 8.5 8.5 8.5 8.5 8.5 
Content of C,Həp in stable gasoline, vvt.?6 A.99 A.AT 3.31 2.13 1.39 0.69 
(Content of C:H/? in the head fraction of 7.14 6.20 b.01 3.37 2.08 1.10 
stabilization, vvt.?6 


VVhen increasing the pressure from 0.6 to 1.6 MPa in the experimental-industrial run 
undertaken, CAHqo content in stable condensate and C:Hış content in the head fraction of 
stabilization at different capacity vvas reduced by 90—9776 and 92—9696, respectively. 


Conclusions: İt vvas found that increasing the pressure results in increasing the sharpness 
Of separation of butanes from pentanes, vvhich positively affects both the balance of the 
process and the quality of the products obtained. Thus, in the stabilization columns, 


increasing the pressure 


co 
U1 
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Table 4. Operating mode of the stabilization column of deethanized condensate at the 
constant throughput and variable pressure. 


Value of indicators at the given pressure in the column, MPa 
iDesignation of indicators 


0.60 0.80 1.00 1.20 1.40 1.60 
Feed capacity of the stabilization column of 200 m”/h 
İTop temperature, ”C 74 74 76 75 77 76 
IBottom temperature, ”C 197 197 200 198 196 199 
Reflux ratio 10.0 10.0 10.0 10.0 10.0 10.0 
(Content of CAHəp in stable condensate, 1.40 0.84 0.43 0.16 0.06 0.04 
vvt.?6 
Content of C.H): in the head fraction of 3.08 1.87 1.12 0.54 0.31 0.21 
stabilization, vvt.?6 


Feed capacity of the stabilization column of 260 m”/h 


İTop temperature, ”C 76 75 77 76 78 79 
iBottom temperature, ”C 200 197 198 199 200 198 
iReflux ratio 10.0 10.0 10.0 10.0 10.0 10.0 
(Content of C,Hıo in stable condensate, 2.19 1.22 0.66 0.39 0.22 0.13 
ivvt.70 

Content of C-H?? in the head fraction of 16.45 4.06 2.81 1.22 0.53 0.26 


stabilization, vvt.?6 
Feed capacity of the stabilization column of 300 m"/h 


İTop temperature, ”C 75 77 78 76 79 60 
IBottom temperature, ”C 200 197 198 196 202 201 
iReflux ratio 10.0 10.0 10.0 10.0 10.0 10.0 
(Content of CAHəp in stable condensate, 3.01 2.02 1.38 0.79 0.51 0.28 
vvt.70 

Content of C-H?? in the head fraction of 1.32 66.99 A.72 3.30 1.51 0.72 


stabilization, vvt.?6 


vvithin the limits acceptable for these columns can increase the efficiency of their operation. 
Earlier, an approach for improving the efficiency of the rectification process using surfactants 
vvas proposed İ15l. It is of interest to investigate the ?oint application of surfactants and 
increasing the pressure vvithin the acceptable limits to improve the efficiency of rectification 
processes. 
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Figure 2. Effect of pressure in the column on the sharpness of stabilization of gasoline. 
a) Content of C4H10 in stable gasoline, vvt.?6, (b) Content of C5H12 in the head fraction 
of stabilization vvt.?6. Feed capacity of the stabilization column, m?/h: 1-70, 2—100, 
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Figure 3. Effect of pressure in the column on the sharpness of stabilization of deethanized 
condensate. (a) Content of C4H10 in stable condensate, vvt.?o, (b) Content of C5H12 in the 
head fraction of stabilization vvt.?6. Feed capacity of the stabilization column, m”/h: 1—200, 
2—260, 3—300. 
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XÜLASƏ 


Rektifikasiya prosesi neft-qaz emalı və neft kimyasında geniş istifadə olunur. Rektifikasiya 
kalonunun aşağı məhsulunun tərkibi adətən yüngül komponentlərin və ya fraksiyaların 
əhəmiyyətli dərəcədə yüksək tərkibi səbəbindən balans tərkibindən fərqlənir. Bu, qazların və 
maye məhsulların bölünməsini təmin etmək üçün nəzərdə tutulmuş bir sıra neft emalı 
proseslərinin sabitləşmə blokunun texnolofi sxemlərinə daxil edilməsinin zəruriliyini 
şərtləndirir. Sabitləşmə prosesinin yaxşılaşdırılması üçün yeni imkanların öyrənilməsi olduqca 
aktualdır. Bu işin məqsədi işçi təzyiqinin dəyişdirilməsi yolu ilə sabitləşmə prosesini 
yaxşılaşdırmaq 1di. Müəyyən edilmişdir ki, stabilləşmə sütununda təzyiqin artması butanların 
pentanlardan ayrılmasının kəskinliyini artırır ki, bu da məhsulların keyfiyyətinin yaxşı- 
laşmasına gətirib çıxarır. Təcrübəli sənaye sınaqları, icazə verilən məhdudiyyətlər daxilində 
təzyiqin artırılması yolu ilə müxtəlif proseslərdə stabilləşdirici sütunların səmərəliliyinin 
artırılması imkanını təsdiq etdi. 

Açar sözlər: rektifikasiya prosesi, ayrılma dəqiqliyi, sabitləşdirici sütun, təzyiq. 


HOBBIHEHHE ƏdbdbEKTHBHOCTVİ CTABHUTHSAHHOHHBİX KO.TOHH TİPH 
HEPEPABOTKE HEOTH VI TASA 


"Harır Aö66acoB, ” PyoaT Asus.ın 

"AcencTeHT, kadğenpa cllpovbiuueHnble: MarilmHBD),, Asep6afiypxanceknii TocyzapeTBeHHbIİİ VHHBEpCHTET 
Hedrn r TIpoMbIHLTEHHOCTH, KaH/ıyyıaT TexHHHecKMX Hayk, AsepöaiiyəxaH, E-mail: natig.abbasov(2asoiu.edu.az 
?Marverp, kabenpa “IlpombirneHHbie Mannı”, Asepöaiimpxancknii TocynapeTBeHHbiii YHHBepcerTeT Heorn M 
ITpoMbiHLIEHHOCTH, AsepöaiypkxaHn, E-mail: rufetezizz(2 gmail.com 


AHHOTAHHSI 


Ilponecc pekruibraıyn poKo H€rio/53yeTCs B HeİyTeTa3oriepepa6oTKe H HEİ)TEXHMHH. 
CocrTaB HH?KHETO TIpO/iyKTa peKTHİÖİHKAHHOHHOİ KO/TOHHBI OÖBIHHO OT/IHHaeTCS OT paBHOBE€C- 
HOTO COCTaBa H3-3a 3HaHHTE/IBHO ÖO:I€€ BBICOKOTO CO/Tep?KaHVisi TİETKHX KOMİTOHEHTOB FETH 
bpakımil. Əro oöycıraBıBaeT HEOOXOZIHMOCTB BK/İFOHEHHSİ B TEXHONOTHUCCKH€ CX€MBİ P3/1a 
TIpOoHeccoB repepa6oTKH He€İTH ÖzoKa CTaÖFHUT3aHHH, TTpPeZHa3HaAHeHHOTO VU: oĞecrreeHHisi 
pa3eneHHs Ta30B H ?KHHKHX TIDOHyKTOB. BeCBMa aKTya/IBHOH 3a/aueH 3B/136TCA4 H3yUeHH€ 
HOBBIX BO3MO?KHOCT€İ /UT yoryueHHsi TIpoHecca cTaönınsalıyın. Herbro HacTOsMCİ pa6oTbi 
ÖbuTo yıryunıTE. TpoHecc cTaöyımsarıH TIYTEM H3MCHEHHS pa6onero yaBimeHns,  BBETO 
YCTaHOB:T€HO, HTO TIOBBIIHEHH€ HaB/TEHHSI B CTAÖVUTH3aA1IHOHHOH KOTOHH€ TTOBPİHAET pe3KOCTb 
OTH€€HHS ÖyTaHOB OT TICHTAHOB, HUTO TIDPHBONHT K y-ryueHHIO KaHeCTBa TIPO/İYKTOB. 
OriBTTHO-TIPOMBIHLTEHHBIC HCTİBİTƏHHSİ T1OHİTBEp/İEUIH. BO3MO?KHOCTB  TTOBBİHEHHSİ 9d)İ)eKTHB- 
HOCTH CTaÖH/IH3a1HOHHBIX KO/OHH B pPa3/1HHHBİX TIpOH€CCAX 3a CHeT TTOBBİHEHHSİ HaBTEHHS B 
HOTIİYCTHMBIX TTpe/ievnaX. 

KorroueBble C€/10BaA: TIpOH€CC peKTHİHKaHHH, pe3KOCTE pa3HeeHHsi, CTaÖH-TH3aHMOHHası 
KO/IOHHA, /1AB/TEHH€. 
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ABSTRACT 


Stem sealing plays an important role in valve operation, to avoid leakage from the valve. 
Additionally, accuracy and tight sealing of stem seals are vital in fugitive emission applications 
vvhere hazardous fluids such as gases or vapours may escape if a valve is not sealed properly. 
Soft thermoplastic materials, Teflon (PTFE), graphite or graphoil like vitons can be used to 
valve stem sealing. Appropriate stem sealing or packing depends on the process conditions 
vvhere the valve vvill be used, including being able to vvithstand extreme temperatures, being 
resistant to aggressive fluid such as H28S containing fluid, displaying a lovv friction factor to the 
stem, providing very good sealing capability to prevent leakage from the valve stem area. The 
sealing capability and performance of a valve can be validated by testing the valve stem sealing 
through mechanical and temperature eycles based on different American Petroleum Institute 
standards or by finite element analysis. The torque required to operate a valve depends on 
parameters such as the packing or stem sealing material, number of stem sealing rings, load of 
gland flange, stem surface finish, temperature, and eycling. Reducing the number of packing 
rings can reduce the valve torque but removing rings can also increase the risk of leakage from 
the valve. 

Keyvvords: Valve sealing, torque, valve stem friction. 


Introduction: A valve is a mechanical component that enter the piping system. They can be 
used to open and close the fluid or to control the fluid for safety 11, 21. The design of valves 131, 
material selection 14, 51, calculation of vvall thickness Tİ61 are very broad topics. Pressure 
regulating parts affect the flovv of fluid through the valve, these pressure parts are the parts that 
cause external leaks in case of failure 17, 81. These types of structures have 3 parts that require 
sealing: the body, the cover vvith the body and the inner parts of the body. Sealing is described 
as static and dynamic İ31l. Static caps are applied to the stationary parts of the faucet (body and 
cover). If there is at least one rotating part (stem), dynamic flanges are processed here (Fig. 1). 
The sealing of the body plays an important role in preventing leakage from the part vvhere the 
support is located. In addition, the accuracy and tightness of the sealants are important to 
prevent leakage of gaseous and vapor-type substances. Stem sealing plays an important role in 
avoiding leakagefrom the valve stem area to the environment. Additionally,accuracy and tight 
sealing of stem seals are vital in fugitiveemission applications vvhere hazardous fluids such as 
gases or vapours can escape from valves that are not tightlysealed. 
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Stem Stem sealing 


Bonnet Bolting 


Figure 1. A ball valve vvith different components. 


This article discusses various aspects of sealing from the material and arrangement of the caps. 
Therefore, test methods and procedures vvere selected in accordance vvith both API and 15O 
standards 19, 101. Figure 2 shovvs a test used to calculate the amount of leakage in the sealed 
part of the valve body. 


Figure 2. Fugitive emission test on a vvedge-type gate valve. 


Stem Sealing Material: This Teflon (PTFE), soft thermoplastics and elastomeric materials 
such as viton, graphite, grafoil 1121 or elastomeric materials can be used as fitting material. 
These materials are molded at high temperatures and harden vvhen cooled. The addition of 
metal-like materials to PTFE increases its high pressure and temperature resistance. For 
example, elgiloy lip balms containing 4096 cobalt, 2076 chromium, 1596 nickel and 796 
molybdenum can be used for the summer part. Alternatively, nickel alloys such as inconel and 
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hastelloy can sometimes be used. These caps can be used mainly at -101 and 4200 degrees 112), 
as vvell as in high pressure classes of ASMKF İ13l. Alternatively, graphite or glass can be added 
to the PTEE to increase the pressure. Graphite is a corrosion-resistant material capable of use in 
the range of -200 - F 200 degrees and high pressures. Graphite can be used in all other types of 
equipment used in the oil and gas industry, except for submersible valves. 

To create a seal as shovrn in Figure 1, it is necessary to apply softly compressed materials 
around the spindle (Fig. 3). 


Qapaq 


2“ ——— sıxıcı bolt 


Sıxıcı içlik 


Figure 3. Stem packing arrangement including gland follovver. 


The service of graphite in seavvater is not recommended 1141 and it creates lovv friction 
compared to thermoplastic and elastomeric materials. Hovvever, graphoil is sometimes used as 
an alternative to graphite. It has higher elasticity and creates less friction. 

Figure 4- üe observe a unique sealing of a butterfly-type valve serving seavvater in the 
Norvvegian marine industry. The peculiarity of this design is that it has a flanged structure 
fastened vvith tvvo long bolts, vvhich can provide only the required tightness 1151. Another 
reason for choosing a design is vveight, space (size) and price savings. A vvhite lip seal vvas used 
to isolate the black graphite seal from seavvater, vvhich vve observed in Figure 4. The main 
reason for isolating graphite from seavvater is to prevent corrosion. 


Gland 


Lip seal 


Graphite 
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Figure 4. Stem packing solution for a butterfly valve in sea vvater service. 


Stem sealing mechanism: There are different sealing settings depending on the type of 
connectors. For example, o-rings made of viton are used to close ball valves (Fig. 5). 


Triple stem rings 


Figure 5. Vee pack stem sealing. 


As an alternative to o-rings, triple lip seals are used to seal ball valves. Fillers are used to seal 
the valves. These are usually placed around the filling box. Sealing of submersible valves is 
more complicated because they must be sealed to prevent leakage as vvell as to prevent the 
ingress of seavvater into the facility. Double and triple body seals can be used to prevent leakage 
into the sea. These types of sealants can be made of metal. Hovvever, the use of metal sealants 
can be eliminated due to surface friction and increased manpovver. The assumption in stem 
sealing analysis is that the stem is surrounded vvith some amount of oil and the stem is moving 
up and dovvn corresponding to a linear motion valve such as a gate or globe valve. P1 is the 
atmospheric pressure in case of oil leakage from the stem, and P2 is the valve internal pressure. 


The Effect of Stem Sealing on Valve Torque: The torque is the force required to adiust the 
operation of the device betvveen open and closed positions. The torque depends on the material 
Of the sealant, the number of rings, the temperature and the impact load. Equality 1 is used to 
calculate the binding force. 


FrxdxHxGSxuxY (1) 
vvhere F £ force required force to overcome the packing friction (N), d € stem diameter (m), H “ 
packing height (m), GS “€ compressive stress on the packing (axial gland stress on the packing) 
(N/m2 ), 1 € packing coefficient of friction, Y £ ratio of radio to axial load transference (for 
example, 0.5). 

The packing force on the stem (parameter N) can be calculated using (Eq 2). 


N-rxdxHxGSxY (2) 


GS, knovvn as the axial gland stress on the packing, is calculated using (Eq 3). 


iə) 
99) 
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GS-((T-n)/(0.2-b))/(((D “2-d42))/4) (3) 


vvhere T £ the torque applied the gland flange bolts, n € the number of bolts, b £ the nominal 
bolt diameter, D £ the packing box diameter, d € the stem diameter. 

In fact, the force applied to the body of the connector must consist of the pressure acting on the 
valve, the frictional forces betvveen the seat and the closing element of the valve, as vvell as the 
unbalanced forces in accordance vvith equality 4. 


F. ümumiF“F (təzyiq düşgüsü )-FF oturacaq“FF kipləndirmə (4) 


The main conclusion to be dravvn from this study is that the increase in friction betvveen the 
seals and the body leads to a higher torque requirement. 


Conclusion: This article provides a brief overvievv of the sealing of fasteners and its 
importance. Various sealants and their materials have been considered, including O-type rings, 
graphite sealants, thermoplastic materials, vee package and metal seals. Factors such as the 
number of rings, material, and temperature influence the sealing of the connector body. The 
friction betvveen the body and the cap causes an increase in torque and impact force. Although a 
reduction in the number of sealing rings is required to reduce torque, this is not recommended to 
ensure tightness. This paper proposes leakage risk proyects in various areas of the oil and gas 
sector. 
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BAĞLAYICI QURĞULARDA SIZMANIN QARŞISININ ALINMASI ÜÇÜN 
ŞPİNDELİN KİPLƏNDİRİLMƏSİNİN TƏDQİQİ 
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Magistr, “Sənaye maşınları” kafedrası, Azərbaycan Dövlət Neft və Sənaye Universiteti, 
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XÜLASƏ 


Bağlayıcıların kipləndirilməsi, onların dəstək hissəsində sızmaların qarşısının alınması böyük 
əhəmiyyət kəsb edir. Kipləndirmə düzgün aparılmazsa istər maye, istərsədə təhlükəli buxar və 
qaz kimi maddələr ətrafa yayıla bilər. Şpindelin kipləndirilməsi üçün yumşaq termoplastik 
materiallar, teflon(PTFE), qrafit və ya qrafoilə bənzər viton istifadə edilə bilər. Müvafiq 
kipkəcin vəya paketləyicinin seçilməsi iş şəraitindən asılıdır, o cümlədən yüksək tempraturlara 
tab gətirmə, H,S kimi yeyici mühitlərə davamlılıq, aşağı sürtənmə, çox yaxşı sızdırmazlıq 
qabiliyyəti onlar qarşısındakı tələblərdəndir. Kranın kipləndirilməsinin yoxlanılması isə 
Amerika Neft İnstutunun (APİ) standartlarına əsasən mexaniki və temperatur dövrləri vasitəsilə 
yoxlanıla, sınaqdan keçirilə bilər. Qurğunun işini təmin etmək üçün lazım olan fırlanma 
momenti kipkəcin quruluşu, materialı, sızdırmazlıq halqalarının sayı kimi amillərdən asılıdır. 
Kipləndirici halqaların sayının azalması fırlanma momentini azalda bilər, lakin halqaların 
azaldılması sızma riskinin yaranmasına səbəb ola bilər. 

Açar sözlər: Kranın kipləndirilməsi, fırlanma momenti, şpindelin sürtünməsi. 
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HCC.IEAOBAHHE YILITOTHEHV51 HHTHH,TEOLH B 3AHOPHPİX 
YCTPOHCTBAX /UHM TIPE/L/OTBPA HİEHVİSI YTEUKH 


Hyp-raH IyceHH.ıH 
Marrnecrp, kxadbenpa cllpoMmBiuLTeHHBİC MalHiHHBİƏ, AsepöafiyoxaexHi TocyzaperBeHHbii YHHBepcyTeT Heorn H 
ITpoMbiuLTEHHOCTH, AsepöaiiypkaH, E-mail: nurlanhuseynli99()gmail.com 


AHHOTAHHS 


YVroTHeHH€ HTTİHHVTCİDI HTPaeT Ba?KHYTO PO/İB B pa6oT€ 3aT1OPHBİX yCTDOHCTB, HTOÖBİ V3Öe?KaTB 
yT€uKH B OHOpHOfH uacTH. KpoMe TOTO, TOHHOCTB H TEDMETHHHOCTP YILTOTHEHHH HTTOKa HMCTOT 
?KH3H€HHO Ba?KHOC 3HaH€HH€ B CHCTEMƏX C HEKOHTpONHpyeMbIMH BBIÖpOCAMH, KOT/Ta OTTaCHBI€ 
?KV.HKOCTH, TAKH€ KaK Ta3bl VUTH. HAPBİ, MOTYT  BBİTEKaTb, €CH. 3ar1OpHOC YCTPOHCTBO H€ 
TEPMETH3HpOBaHO /(OT?KHbPIM OÖpa3oM. Mərkne TepMoTLuTaCTHHHBI€ MaTepHarıbi, TedboH 
(TTOO), rpadbrır yn. rpadirT, TaKHM€ KaK BHTOH, MOTYT  HCTTO/NB30BaTBCS31 TUTİ YIDTOTHEHHSİ 
HrH/Mezisi sarropHoro yeTpoficTBa, Hazıyreoxarıee yITOTHEHH€ HZ. HaÖHBKa HTTOKa 3aBHCHT OT 
TEXHO/OTHHECKHX yC/TOBHİİ, B KOTOPBIX ÖY/TET HCTIO/IB3OBƏTBCS 3aT1ODHOC YCTpOHCTBO, BK/TTOMası 
CTTOCOÖHOCTB BBI,/TED?KHBATB ƏKCTpEMA/IBHbI€  TEMIEpaTypBI, YCTOHUHBOCTB K aTpeCCHBHBİM 
CperaM, TaKHM KaK ?KH/IKOCTH, CO/lepokaMıHe CepOBOHOpOz, HH3KHİ KO3d)İiHHHEHT TPEHHS 
urnHzesii,  o6ecrreqyBaroNIH€ OHEHB Xopoliyro TepMETH3HpyTOHİyTO CTOCOÖHOCTB. /UDİ 
TIpeHoTBpaıHeHHs yTeuKH H3 oÖmacTH mTHHMETİ. PepMeTH3HpyoHasi CTİOCOÖHOCTE H pa6ouHe 
xapakTepHeTHKH 3aTTOpHOTO YCTpOfCTBaA MOTYT ÖBITB TTO/İTBEp?KHEHBİ TİYTEM HCTİBİTƏHHSI 
YILTOTHEHH51 HİTİHH/İCTISI € TİOMOHİBEO- MEXaAHHUCCKHX H TEMTİEpaTYPHBIX HHKTOB: Ha OCHOBC 
pa3rnuHBIX CTaH/TapTOB AMepHKaHCKOTO H€İ)TAHOTO HHCTHTyTa HSTH. € TİOMOHİPİO  aHazıH3a 
MCTO,/IOM KOHEHHBIX Ə/1eMEHTOB. KpyTsHHİİ MOMEHT, HEOÖXO/IHMBIH /UTDT pa6oTbi 3arropHOTO 
YCTpOfİiCTBa, 3aBHCHT OT TaKHX TiapaMETpOB, KaK MAT€pHa/ı HaÖHBKH HSTH. YILTOTHEHHS 
HTIHHHEVI, KOTHHECTBO YILTOTHHTESİBHBİX: KOVİCH, HİTİHH/İCİDI, HaTpy3ka Ha dbirraH€ll CaTBHHKAa, 
KaueCTBO TIOBEPXHOCTH HTİHH/TCİDI, TeMİTEpaTypa HV HEKTHHHOCTB. YMEHBUIEHH€ KONHHECTBa 
YILTOTHHTEBHBIX  KO/H, MÖXKET CHH3HTB KDYTSİHHİİ MOMEHT 3aT1ODHOTO YCTpOİİCTBa, HO 
Y/LaTIeHH€ KO/€H, TAK?K€ MO?KET YBC/THUHTB PHCK yT€"KH H3 3aTIODPHOTO yCTpOHCTBa. 

K.rroueBble €10B3: YTLETOTHEHH€ 3ar/ODHOTO YCTpOHCTBa, KPyTSIHHİİ MOMEHT, TpeHH€ 
HTIHH/HTS. 


DOl suffix: 10.36962/ETM 10022022-90 
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ABSTRACT 


This article vvill describe and analyze the tvvo last parts of an accident at an offshore drilling 
facility — total 1oss of control and post accidental vvork, specifically emergency operation of a 
BOP. BOP operation methods that vvill be discussed here are applicable both for the accidents 
and generally for the events vvhere the BOP functions should be activated vvhen the system 
cannot be controlled from the host facility. Tasks to be performed in the current vvork: 
Acquire background technical expertise in BOP systems and their controls. 

Acquire background technical expertise in ROV (Remotely Operated Vehicle) systems and 
their controls. 

Acquire background information on Macondo vvell accident and similar accidents, vvhere the 
emergency BOP control vvas required. 

Discuss the response and vvork done to get the control over the BOPs in these accidents. 
Develop possible methods to control the BOP in emergencies. 

Discuss and compare different methods systematically. 

Come up vvith further recommendations. 

Most information for this vvork vvas found on the vveb, using the search and databases such as 
Google Scholar and One Petro. Standards vvere provided by the university library, hovvever 
NORSOK standards vvere free available from the internet. A large input came from the 
intervievvs vvith professionals vvithin oil and gas. 

Keyvvords: bop, control system, valve. 


Introduction: A blovvout preventer is critical vvell control equipment used in drilling 
operations. İt is essentially a large valve that sits on top of the vvellhead that can be closed in 
order to shut in the vvell in the event of unintentional flovv from the vvell, It is the last line of 
defence against vvhat could eventually lead to blovvouts such as the recent Macondo vvell that 
changed the industry forever. The BOP is typically installed on top of the vvellhead after the 
shallovv surface sections are drilled. The shallovver sections do not normally have pressure 
above hydrostatic pressure and does therefore not require the BOP to be installed. After the 
surface casing is run and cemented, the BOP is landed on top, together vvith the drilling riser 
that connects the vvell to the rig. It vvill be installed here until the drilling scope is completed. 
The BOP vvill then be retrieved and used on the next vvell, The BOP comers in different 
configurations and sizes. It can vveigh as much as 400 metric tons for the subsea BOPs and can 
vvithstand pressures up to 15.000 psi (1034 bar), vvhich is often required for the deeper vvells 
vvith high formation pressure. The type of BOP used for a certain operation depends on the type 
Of operation it is being used for, the characteristics of the vvell and vvhether the operation is 
conducted onshore or offshore, in shallovv or in deep vvaters. 
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Figure 1. BOP example. 


BOP Stack components: The BOP stack consists of tvvo main types of mechanisms to close in 
the vvell, Rams and Annular preventers. These are often combined in a drilling BOP stack. 
Annular preventers 

The annular preventer is an elastic doughnut shaped rubber element that can be closed around 
the pipe. Due to the elasticity of the rubber element, the annular preventer can seal around a 
variety of different shapes and sizes, even an empty vvellbore. The benefit of using the annular 
preventer is that it maintains its sealing capabilities vvhile moving the pipe. Giving the 
opportunity to trip (move drill pipe in or out of the vvell) vvhile sealing the vvellbore against a 
vvell control incident. 


Ram preventers: The ram preventers consist of pistons positioned opposite of each other that 
are pushed against the pipe in the vvellbore.Pipe rams form a seal around the drill pipe and seal 
the annulus. These can be used to shut in the vvell, vvhile still maintaining the drill pipe intact. 
Pipe rams can be either fixed to a certain size of pipe, or variable to fit a range of pipe sizes. 
Shear rams, or blind-shear rams, vvill seal the full vvellbore area by shearing or cutting the drill 
pipe. This is often a last resort, and only used in extreme cases. 
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Figure 2. System configuration parameter. 


Structure of the system: Chapter tvvo explains the basic drilling and vvell construction, 
including drilling units, drilling operations, vvell control and vvell construction outline. In 
drilling operations, drilling, casing and cementing as main elements vvill be introduced. Losses 
and influx/kick vvill be explained in vvell control. 

Chapter three introduces the background knovvledge of a BOP system, including the BOP 
system structure, equipment and components, functions of the equipment and different 
requirements. This chapter also mentions some of the common system failure that might happen 


CİLD 10 BURAXILIŞ 02 2022 
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Riser Adaptor 18-3/4" 
Vetco / MR-10 


Flex /oint 18-3/4” 
Oilstates Diverter II 


Annular Preventer 18-3/4” 10K 
Cameron "DL” Type 


Hydraulic Connector 
18-3/4" 15K Cameron HC 


Mandrel 18-3/4" 10K 
Cameron Guidelineless 
Re-entry 


18-3/4 15K Cameron BOP: 


Annular Preventer 10K 
Cameron "DL" Type 


Elind Shear Ram CDVS 
vvl Tandem Booster 
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MPR - Fixed Pipe Ram 
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3-1/27 x 5-1/2" 


18-3/4 Vetco Super HD H4 


and the consequences of these. İn the end of the chapter, a BOP reliability concept is proposed. 


Chapter four implements a FMECA analysis on the BOP system, vvhich contains an FME 
analysis and a CA analysis. İt starts from the system definition, and proceeds to a failure mode 
analysis on different equipment and component. Finally, a CA analysis is implemented for 


different components. 
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Chapter five is the Bovv-Tie analysis of BOP system, vvhich is based on the results from the 
chapter four — the FMECA analysis. This model includes an FTA analysis and an ETA analysis 
and lead to a short conclusion in the end of the chapter. 

Chapter six is reliability and prediction of a BOP system vvith an expected MTBF. This chapter 
introduces a reliability allocation and prediction, step by step. The results are meeting the 
expected MTBF. 

Chapter seven discusses the general results of this thesis and proposes some future suggestion in 
this area of study. 

Conclusion 

This vvork gave an insight into the problems and challenges associated vvith the emergency 
operation of subsea blovvout preventers. Among the chosen methods, this vvork looked at five of 
seven methods, vvhich require remote operated vehicle intervention to operate. ROV skids 
require ROV povver. Subsea deployed accumulators and lines together vvith capping stack need 
to be connected to the ROVs and to be operated by them. ROV vvill most likely fail to operate 
the BOP on its ovvn. Usage of auxiliary equipment such as intervention skids or seabed- 
deployed accumulators require time and good vveather conditions. Acoustic control is the only 
vvireless method that allovvs very fast response. Hovvever, acoustic control systems have their 
dravvbacks in form of communication reliability. This leads to the fact that remote and vvireless 
BOP operation technologies, such as acoustic needs to be developed to avoid the ROV 
intervention. 

To strengthen the other methods, ROV povver capabilities should be extended, allovving to 
provide more povver to the equipment, to lift heavier parts, to move in rougher seas and navigate 
in lovv to zero visibility conditions. 

The key in emergency preparedness is to have clear plans and procedures for main types of 
scenarios, reliable and tested contingency equipment and personnel training in such scenarios. 
Deepvvater Horizon accident vvas the triggering event on the vvay to achieve the vvanted level of 
safety and reliability of the BOP systems and their secondary and alternative vvays to operate 
them. 
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XÜLASƏ 


Bu məqalə dənizdə qazma qurğusunda baş vermiş qəzanın son iki hissəsini — idarəetmənin 
tamamilə itirilməsi və qəzadan sonrakı işləri, xüsusən də BOP-un təcili istismarını təsvir edəcək 
və təhlil edəcək. Burada müzakirə ediləcək BOP əməliyyat üsulları həm qəzalar, həm də 
ümumiyyətlə sistemə ev sahibliyi edən müəssisədən nəzarət edilə bilmədiyi zaman BOP 
funksiyalarının işə salınmalı olduğu hadisələr üçün tətbiq edilir. Cari işdə yerinə yetiriləcək 
vəzifələr: BOP sistemləri və onların nəzarəti ilə bağlı texniki təcrübə əldə edin. 

ROV (Remotely Management Vehicle) sistemləri və onların idarə edilməsində əsas texniki 
təcrübə əldə edin. Təcili BOP nəzarətinin tələb olunduğu Macondo quyusunun qəzası və oxşar 
qəzalar haqqında məlumat əldə edin. Bu qəzalarda BOP-lar üzərində nəzarəti əldə etmək üçün 
cavab tədbirləri və görülən işləri müzakirə edin. Fövqəladə hallarda BOP-a nəzarət etmək üçün 
mümkün üsulları inkişaf etdirin. Müxtəlif üsulları sistematik şəkildə müzakirə edin və müqayisə 
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edin. Əlavə tövsiyələrlə gəlin. Bu iş üçün ən çox məlumat Google Scholar və One Petro kimi 
axtarış və məlumat bazalarından istifadə edərək internetdə tapıldı. Standartlar universitetin 
kitabxanası tərəfindən təmin edilirdi, lakin NORSOK standartları internetdən pulsuz idi. Neft və 
qaz sahəsində peşəkarlar ilə müsahibələr böyük töhfə verdi. 

Açar sözlər: bop, idarəetmə sistemi, klapan. 


HOBBIHEHHE ƏdvbdbEKTHBHOCTV YHHBEPCA/IBHOVO HPPEBEHTOPA 


Hyp-raH Pacy.ıoB 
Marrnerp, kağeyipa clİpovbiuneHHbie MarmHBD), AsepöaiiymkaHneknii TocyyapeTBeHHBİİ YEHHBepcHTeT HedrH yi 
ITpoMbiHLUTEHHOCTH, AsepöaifypxaH.E-mail: r.nurlan171()gmail.com 


AHHOTAHHSI 


B əroH crTarbe orHCaHBI H TIpoaHaHH3HpOBaAHBI /IB€ TOC/TEHHH€ HaCTH. aBapHH Ha MOPCKOH 
öypoBofi ycTaHOBK€ — TTO/1Hasi TOTEP3 yIIpaBNTeHHSI H TTOC/”TeABaDHHHBI€ paÖOTBİ, B HƏCTHOCTH, 
aBapriiHoe cpa6öarTbıBaHHe TıpeBeHTopa. Meroybi pa6orbi İİBO, oöcyəkyyaeMbie 3//6CB, TIDPHMEHH- 
MBI KaK K aBaPH31M, TaK H B H€HOM K COÖBITH3M, Kora dyHKLMRR İİBO yomKHBİ ÖBİTB aKTHBHDPO- 
BAHBI, KOT/(a CHCTEMa H€ MO?KET yITpaB/T4TbCS € OCHOBHOTO OÖbeKTa. 3ayauıı, KOTOPBİ€ 
HE€OÖXO/IHMO BBITONHHTB B TEKYIHCİ pa6oTe: 

- IlpnoöpereHHe ()OHOBOTO TEXHHH€CKOTO OTbiTa B CHCTeMaX BOP H HX Cpe/cTBaX 
yıpaB/eHH 3. 

- IlpHoöpereHue ()OHOBOTO TEXHHH€CKOTO OTİBİTa B cHCTeMaAX ROV (HHCTaHHHOHHO 
yırpaB/IseMbIX TpaHCTOPTHBIX Cp€/iCTB) H HX ƏZİCMEHTAX yITpaB/TEHHS. 

- IlomnyueHHne crpasouHOfi HHÖOpMalna. 06 aBaprı Ha cKBaxKMHe MakoH/ynO H TTOHOÖHBIX 
aBapHsıx, Kor/a Tpe6oBa-ıocb aBapHİHO€ yrıpaB€HH€ TIDPOTHBOBBIÖpOCOBBIM TİPEBEHTOPOM. 

- OöcyəkyreHne pearvpoBaHHsı H TipozenaHHOH pa6oTbi, HTOÖBİ TTONyYUHTB KOHTPO/İB Hay 
TIPOTHBOBBIÖpOCOBBIMH TİPEBEHTOPAMH B ƏTHX aBapHsiX. 

- Paspa6oTaTb BO3MO?KHBI€C METOV/IBI KOHTpOZis İİB B aBapHiiHbIX cHTyalıysX. 

- CHcTeMaTHHeCKH OÖCy?K/HaTBb H CpaBHHBATBb pa3:1HHHBI€ METOVİBİ. 

- /laTB HarBHeHMHH€ peKOMEHHALHHH. 

Borbımas uacrb HHÖOpMaMHH ZU0 ƏTOİİ pa6oTbi Öbla HailyıeHa B VİHTEpHE€T€ € HCTIO?15B3OBAHH€M 
roHucKa H 6a3 HaHHbIX, TaKHX KaK Google Secholar v One Petro. CraHrnapTbi ÖblüH 
TIpP€HOCTaB/T€HbI YHHB€peHTETCKOİİ ÖHÖ/THOTEKOH, OYHaKO cTaHNaprb: NORSOK öbrüm 
öecrrunaTHO nocTyTHBİ: B VİHTepHeT€. Boz BIHOİ BK/Ta/I BHECİH HHTEPBBİEO € T1pOd)eccHOHa/TaMH B 
o6-racTH HEİTH H Ta3a. 

KurroeBbte c/roBa: BOP, ccTeMa yırpaB/TEHHS, K/TaTIaH. 


DOl suffix: 10.36962/ETM 10022022-97 
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O PE3EPBAX CHH?KEHHS META,/LTOEMKOCTH CEPHHHO- 
BBIHTYCKAEMBbIX CKBA?KHHHbIX HTTAHTOBBİIX HACOCHDPİX 
YCTAHOBOK 


İ3y-reixa ƏiiBasona, “MexrH /Pkxa:ın.ı-sane 

UTlouenT, kağenpa “TlpombiuueHHbie Mainbi”, Asepöafiypxaneknii PocynaperseHHbiii Yurepcurer Heori H 
ITpoMbIHUİEHHOCTH. E-mail: zeyvazova(2 gmail.com 

“MarnerpaHr, AsepöafiypxancKniti TocyznapcTseHHbıli YursepcrreT Heğrr r IlpoMbiumeHHOCTH. 

E-mail: mehtifalilzade() gmail.com 


AHHOTAHHSI 


OnHHM H3 META/UTOCMKHX y3/10B COBDEMEHHOİ CKBa?KHHHOH HaCOCHOH yCTAHOBKVİ SİB/İSTETC31 
TIPHBO/I CKBa?KHHHOTO HTTAHTOBOTO HaCOCa, B KaHECTBEe KOTOpOTO Ha OT€H€CTBEHHbIX 
TIPOMBIC/IAX HCITIO/153yETCA CEDHİİHO BBITİYCKAEMBIİİ B COOTBETCTBHH C TOCY/IZAPCTBEHHBIM 
CTaH/apTOM CTaHOK-KaHazıKa, B HaHHOH CTaTB€ C HE/İBEO BBİSİBZCHHS BO3MO?KHOCTH CHH?KEHHS 
MET3/UV106MKOCTH CEPHHHO BBITIYCKAEMBIX CTaAHKOB-KaHa/TOK VCC/I€HyETCS BO3MO?KHOCTBP 3AM€- 
HbiI CyIHeCTByTOH eH /ByxöaronHOH KOHCTPpyKUHH ÖaraHcHpa cTaHKa-Kanayın. Ha ozHoĞa- 
nouHyıo cBapHyıo paBHOTpouHyro KOHCTpYKIMİO ÖazraHcHpa, İp. BBİTTOTHEHHH. pa3HHHBİX 
KOHCTpyKTOPCKHX BBIHHC/TEHHİ ÖBLUTH BBİSBİEHBİ BO3MO?KHOCTH ƏKOHOMHH META/UTa. 
K-rroHeBble C.10BA: CTaHOK-Kadalka, ÖanaHcHp, ozHOOaoHHas  KOHCTDYKIMSİ,  METAZLNTO- 
€MKOCTB. 


AKTya/IBHOCTB HCC.Te1OBaHH3: Bi HacCTOSH€€ BpeME B MAHIİHHOCTPOHTESİBHOH 
TIPOMBIHUTEHHOCTH, TIPHODHTETHBİM. SİBZİSTETCS ƏKOHOMHS METƏTTOB. YuHTBİBasi ÖoyibiliH€ 
raö6aprTHBI€ pa3Mepbi HCC/IeTy MOTO OÖBEKTa: CTAHKOB-KaHasoK, Cpey BapHaHTOB 
YMEHbIHEHH51 META/LTOCMKOCTH, MO?KHO paccMaTpHBaTB czeyiyroiMe  pa6orbi. HaripnMep, 
repexo/z K Öe3peM€HHOİ TI€pe/laH€ B TDAHCMHCCHH CTaAHKa-KaHa/IKH, TTepeXO/I K KOHCTPYKUHH 
pe/HyKTOpa cTaHKa-Kaua/IKH € 3aHeTUTEHHEM C HOZİHBIM HCBDOHOM, TEpeXO/I K KOHCTPyKUHH 
CTAHKa-KaHaKH. € H3MEHECHHBIMH KHHEMƏTHHECKHMH OTHOHEHHSMH. B HameH pa6ore 
TIPOB€/T€HBI HCC:IC/OBaHVİSI 110 TTepeXOMy K OZHOÖaTOHHOİ CBaADpHOİ KOHCTpyKLNHH ÖaraHcHpa 
cTraHKa-KaarıKH. 11pH əTOM TTPE/UTOXKEHO 3aMEHHTP /(ByXÖazOHHYyTO KOHCTpYKIHHİO ÖazaHcHpa 
Ha OoHHOÖazouHyıo paBHOHpOuHyio KOHCTPYKLHHTO. 


BBezeHHe: (COBpeM€HHas CKBa?KHHHas HacocHası ycraHoBKa (CHİHY) cocrouT H3 
CKBa?KHHHOTO OĞÖOpyHOBaHHSI, BK?TFOHaFOHIETO B  C€Ös CKBa?KHHHPIİİ HİTTAHTOBBİİİ HacOoC 
(CHIH), KOHTOHHy HaCOCHO-KOMIIpeCCOpHBIX Tpyö (HKT), konoHHy HaCOCHBIX HrTaHT, H 
Ha3€MHOTO OĞOPpy/TOBaHVi51, BK/FOHATOHICTO B C€ÖS TIPHBO/ CKBaA?KHHHOTO HTTAHTOBOTO Hacoca 
H ycTbeBoc o6opy/zıoBaHre. Kaəkrbrii 3 ƏTHX ƏHCMEHTOB CEpHİİHO BBiITIyCKaeTCs Heİ)TAHOH 
TIPOMBIUI€HHOCTbBEO B COOTBETCTBHH Cc TOCY/IAPCTBEHHBİMH CTaH//apTaMH. B  HacCTHOCTH B 
KauecTB€ TIPHBOHOB CIHH nerrozb3yoTC3 CEDHHHO-BBITIİYCKACMBIİ€ CTaHKH THra CKZ ro OCT 
26-16-08-87. 

B pesy:TaTe aHarH3a KOHCTPyKUHİ BBITIYCKAeMBIX CTaHKOB-KaHaroK H METOHHK HX pacueTa 
B KaH€CTB€ MEPOTIPHSTHİİ, KOTOPBI€ MOTYT TIPHBECTH K HOCTATOHHO OHIYTHMOİİ ƏKOHOMHH 
METAa/UTa, TIpe/yynaTaroTCs1 C/T€İyFOHUH€ BO3MO?KHOCTH: 
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1. Ilepexoz K Öc3peM€HHOH TI€pe/yau€ B TPAHCMHCCHH CTaHKa-KaHa/IKH. 

2. Hepexoy K oxHo6anouHOH cBapHOH KOHCTpyKMHH ÖanaHcrpa cTaHKa-KadaTiKH. 

3. Hepexox K KOHCTPpyKUHH pe/iyKTOpa CTaHKa-KauayK C 33H€IUTEHHEM C Tİ0/1HBİM 
HICBpOHOM. 

4. Hepexolz K KOHCTPyKUHH CTaHKa-KaHa/KH € H3MEHEHHbIMH KHHEMƏTHUECKHMH OTHOHLV€- 
HHSIMH. 

Paspa6orTKy KOHCTpyKMHHH TIPHBO/TOB CHIH c öespeMeHHOH TiepeyaneH cnenyeT ripH3HaTB 
T€pcIEKTHBHOH. B TaKOM TIPHBO//€ BMECTO HVTHHHDpHUecKOTO pezyKTOpa TIPHMEHSETCS 
YT"IOBOH pe/yKTOp € KOHHHECKHM 3yÖHATbIM 3aH€ILETEHHEM Ha ÖBICTpOXO/IHOİ CTyYTEHH H 
MHOTOCKOpOCTHOİH Ə/IEKTPO/IBHTaTE€/IB, T103BO/ISEEOHİHİİ H3MEHHTB CKODOCTb BpaLEHH34 B 
33BHCHMOCTH OT BblÖpaHHOTO pe?KHMA pa6OTbBi. ƏreKTpO/BHTATE/IB COCHHHEH C pe/yiyKTOPOM 
yırpyroH Mydbrofi. 3a cuer əroro coKpalaeTcsa nHHa. paMBİ CTAHKH-KaHalIKM, OTTTaMaeT 
H€OÖXO,/IHMOCTB B HCTONB3OBAHHH KTHHOPDeMEHHOH Tiepeyau c HaÖOpoM MAaCCHBHBIX 
HIKHBOB, HEOOXO/IHMPIX /UTSİ H3MCHEHHSİ HHCİTa  KaHaHHİİ TOHKH TOHB€Ca TrraHr (TIİHD 
cTaHKa-kauazıkı 111. OHHOBpeM€HHO € ƏTHM pellaeTcs 3ayyaqa oTKa3a OT KİTHHOBH/IHBİX 
Pp€eMHE€İL, OT TIDPHMEHEHH34 KOTODbIX BBI3bIBA€MBI€ 33TpPy/IHEHH51 TİOCTOHHHO OHIYIHATOTCA B 
H€İ)TeTIPOMBIC/TOBOM XO3351CTBC. 


OcHoBHası uacTb: İlepexoy, K ozHoğarouHOH paBHOTpoHHOH KOHCTPyKUHHH  TTO3BO/E€T 
CƏKOHOMHTB META/HI 33 CueT OTKa3a OT HCTİO/IB3OBaHHS TByX ÖaroK 1ByTaBpoBOTO TIPOÖEUTİ 
TIPH ycHOBHH COXpaH€HH5 O/ZIHHaKOBOTO MOMCHTA COTHpOTHB/TEHHS TTOTİEDEHHOTO C€HeHH31 
GaraHcnpa. Ip əToM cBapHası ÖariKa rozyuaeTcsa HECKONBKO ÖO/IBIHCİİ BBİCOTPİ, HEM Ka?K/ası 
H3 HByX paH€€ HCT10/1530BaBLIHXCS ÖaTOK, yUHTBIBas TOT Q)aKT, TO H3THÖaTOHİH€ MOMCHTBİ, 
neHcTByroHiMe Ha Teo ÖanaHcHpa, HEOZHHƏKOBBİ TIO €TO /VTHH€, İlpeyraraercs H3TOTOBHTb 
CBapHyro KOHCTDYKIIHIO TI€DEMEHHOİİ BBICOTPI, HTO TaK ?K€ T1O3BOZHT CƏKOHOMHTP META/ITL., 

Ha prneyHke 1 rıpHBeH€HBI TIOTTEDeHHBIC C€HEHHS OZHOĞaroHHOTO CBapHOTO ÖaraHcHpa 
(pHc.1, a) n xeyxöarouHoro öaraHcnpa yx TipobyurBHOTO TipoKaTa CEpHİİHO-BBİTİYCKAEMBİX 
CTaHKOB-KaHaHoK (pHc. 1, 6). 


a) b) 
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Harnö6aronıye HaTIps?KeHHS B CEHeHHH OÖĞOHX ÖazraHcHpoB orpeyeriseTcs Trio d4)0pMy/e: 


Mlacep — Fax "1 


ə) — — 
m” 
6 — Müsce  Fmax” Ki 

u.ce mü 
MZ M 


rue Maş cep 0 Muses — COOTBETCTBEHHO HarHöaroHIHe€ MOMEHTBI CEDHİİHOTO H CBapHOTO 
SanaHcnpa, VZ, 
öanaHcHpa, Pay — MAKCHMATBHasi HaTpy3Ka, HeHcTByTolas Ha TOHOBKy ÖazaHCHpa. 

EcnH cuHTaTB "TO, HaTipsoKeHHS B OĞOHX CeHCHHSİX /TO7DKHBİ ÖBİTB OHHHƏKOBBİMH,, TO /(OTOKHBİ 
ÖBTTB paBHbI HX MOMEHTBI COHpPOTHBNEHHS, TaK KaK /İNHHa TepesHero rea ki H 
MAKCHMATIBHasI HaTpy3Ka Ha TOHOBKy ÖaTaHCHpa H€ MEHSTOTC3. 

MoM€HT COTIPOTHBHEHH51 TTOTTEDCHHOTO CeHeHHS CBapHOTO ÖaraHcHpa paccuHTbiBa€TCS3 T1O 


dbopMyzre (cM prc. 1, a): 


H V/,, — COOTBETCTBEHHO MOMEHTBI COHPOTHB/EHHSI CEDHHHOTO H CBapHOTO 


b d 
— a(h 4 2b)) — (a — d)h3 a(ı Z 2z) ..a7.. 
ce — — ———-—— o — c— ———-—— — ——  ——- 
6(h FE 2b) 6(1:4 22) 


rue h — BBICOTa CTEHKH ÖaaHcHpa, a — mpEHa rioznoK ÖanaHcnpa, b — TOzmHRHHa TOHTOK 
GaraHcnpaş d — TozmmHHa CTEHKH ÖazaHCHpa. 
O6osHauHM 
4— : Aq : 
.b-" 
Tor/yra 
ah? (1 -— 2.) 
VZ,  ——İ(1 EF 2x)”? - ——— 
“A: İ X) 01322) 


Ecim rpuHEMaTB aF 30 ct, h ” 60 ctM, b ” 1,8 ct, d £ 1,4 cM, TOTMa: 
A 3:107””, 2, — 4,7:107” 
IloAcTaB/ıss, HONyUHM: 


— 30:607 
HEHE 


. 1—4,7:1077 
VZ. iz 42:3:1077) — əəə ”4140 cu 
1:2:3:10 
Eczn ronnryueHHBİHT pe3y?5BTaT CpaBHHTB € MOMECHTOM COHpOTHB/TEHHSI ÖayraHcHpa cepHHHO- 
BbIIIyCKaAeMOTO VH HaHÖo/ree uacTo TipHMEHSEMOTO CTaHKa-KaHazıkı. CK/18-3-4000, paBHoro 


VVL, — 4649 cağ (rro pacuerav ASHHMALHIla), To ronyunM: 
Mə, 4649 hh 
V., 4140 
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T.e. əro rIPHBOHHT K HeCyIHCCTBEHHOMY yB€:IHHeHHTO H3THÖaTOHIHX HaTIp35KEHHİ B Tipeyyenax 
HoriyerHMOTO. İlpu. HEKOTOPOİİ KODpeKTHpOBK€ HCXO/IHBIX TTapaMETpOB C€HeHHS CBapHOTO 
GarraHCHpa, MO?KHO //OÖHTBCS TTOTHOTO paBeHCTBa C H3THÖaTOHİHM HaTIps?KeHHeM CEDHİİHOTO 
GaraHcHpa. 

PaccurrTaeM Bec cBapHoro 6araHcnpa (pHc.2.) 


30 
30. 


L 150 


214 -İ 


Pnc.2. CxeMa K pacuery Beca cBapHoro öaraHcHnpa. 


“ına BepxHef ronKH cBapHof Öanıkr İç, ÖyHMeT paccunTaHa cezyroHIHM oÖpa3oM: 


b € 41502 H 302? FE 2142 H 302 — 369,0 cə 


Bec HHƏKH€H HTo/niKH İ,, € 364 cm, BepXHe€H molkH İz, € 369 cm, HHPHHa HolzkH a — 30 cm. 
Bec HByx ronoK öyuyrT: 


Oy — (364 5... 1,8 -- 369 “30 - 1,8) . 7,85 — 313,7 KC 


Bec cTeHKH ÖyzeT paBeH: 
150 “30 214 -30 
da (so “364 “1,4 — ——— — 


7.85 — 1503 
2 2 ) -. 


Hroro Bec cBapHoro 6arraHcpa öyyer: 
Öçes, € 313,7 FE 150,3 — 463,0 ke 


C yuerToM Beca pe6ep ?Ke€CTKOCTH, KOCBIHOK, CBAPHOTO THİBa H T./I. TIDPHMEM Öç, ” 470 kə, 
CpaBHHBas Maccy Tera ÖaraHcHpa cepHİiHoro cTaHKa-kanazsıkı CK/18-3-4000, paBHoro 
Gzep “514 kə, ƏKOHOMHS: METAzTa cocTaBHina 44 KT, 

Harn6arouirii MOMCHT, /ICHCTByTOHIHHE B CeHeHHSX Tezla cepHİHOro ÖaraHCHpa, H3MEHSETCS 
OT HyT€BOTO 3HaH€HH5I Ha TOHOBK€ ÖaraHCHpa HO MaAKCHMAIBHOTO 3HaHCHHSI B CEHEHHH Ha/ı 
orropoH ÖarıaHcHnpa r10 HHEHHOMY 3aKOHy. İİ09TOMY B Ciyuaec cBapHOİİ KOHCTPyKUHH 
GarraHcHpa BO3MO?KHO H3TOTOB/CHH€ €TO Ö/H3KHM K paBHOTpOHHOİ KOHCTPyKLHH. /İrsr əToro 
CTEHKy CBapHOH Öa/IKH MO?KHO H€/TATB MEHBUHICH BBICOTPİ TIDPH. TIPHÖ"IHOKEHHH. K TOHOBK€ 
GarraHcHpa, coxpaHsis BBİCOTy CTEHKH Hay oropoH ÖaaHcpa, rpMHsSTOH 600 cM H 
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TIPOBepeHHOİH pacueToM. KoHCTpyKTHBHO BBICOTa CTEHKH CBapHOH ÖazıKM GazaHCHpa B MECT€ 
COCHHHEHHSI €€ C TOHTOBKOİİ ÖayraHCHpa MO?KET ÖBİTB YMEHbIHEHa yo 30 cM. TaKkM oÖpa3oM, 
cBapHOi ÖarraHcHp ÖyHeT BBIT/IİHETB ÖHH3KHM K paBHOTİDOHHOİ KOHCTPyKHHH B CN€/ZİyTOHICM 
BHH€ (pHc.2) rıpH pasMepax BblÖpaHHbıIX COT“IaCHO CTaHKy-Kauarıke CK/18-3-4000, siBrisiro- 
His HaH6o/neec TIDPHMEHSEMBIM THTTOPa3MEPOM H BBİTYCKACMBİİİ B COOTBETCTBHH € OCT 26- 
16-08-87. 
IlpoBeprM HaTIps?K€HH€ B CeDeHHH€ TTepe/yiHeTO TIT€Ha CBapHOTO ÖaaHcHpa. 3necb BBICOTa 
CTEHKH ÖyyeT Rh — 45 cm,a c 30 cm,b 1,8 cm,d — 1,4 cu, A € 4. 107”,2, — 4,7 - 107” 
Torna MOMEHT COTIpOTHB:IEHHS B CEDeHHH€C paBHOTDOHHOİİ CBaApHOH KOHCTpyKLHH ÖarraHcHpa 
öyHerT: 

30 : 452 1 — 4,7 107” 


(112:4:- 107”)? m 132.4.10-2 — 3030cu? 


, 


Mö 6 
CpaBHHBasI C MOMEHTOM COTPpOTHB:/TEHH51 B CEH€HHH Hay orropof SaraHcHpa, TosnyuHM: 


VZ, 4140 
VV 3030 


T.e. MOMEHT COTIpOTHB:TEHH51 B Cepe/ZiHH€ TiepeHHero Trena cBapHoro öa-raHcnpa B 1,38 pas3a 
HH?K€, a HarHÖaroHHİ MOMCHT CHH3HTCS B.2 pa3a. 

Moə?kHo C/I€"TATB BBIBO/I, HTO €CTB p€3epB VT CHHOKEHHSİ METƏATUTOCMKOCTH: 3a Cü€T TiepeXO/la K 
OHHOĞarouHOH CBapHOİ paBHOTpoOuHOİ KOHCTpyKHHH Tera GanaHcHnpa. 


BbrBo,ıbı: lp. rrepexoze K OHHOĞaszOHHOİ KOHCTpyKHHH  ÖaraHcnpa cepMiiHoro cTaHKa- 
KaHa/IKH B p€3y:1BTaT€ TIPOBEHEHHBIX pacueToB /UTİ CPABHEHVS MOMECHTOB COTPOTHB/TEHH51 B 
cepe/iHHe paBHOTIpOoHHOİİ CBapHOİ KOHCTPyKUHHH ÖaraHcHpa HB CEHCHHH Haz OHOpoH 
GaraHcHpa, TTO?TyHCHO, HTO MOMCHT COHpPOTHB/TEHHS B Cepe/HH€ rrepezHero TETeHa cBapHOTO 
GaraHncHnpa B 1,38 pa3a HrəKe, a MarHöaroHiHii MOMEHT CHH?Ka€TCSİ B 2 pa3a, "TO TTO3BO/İSET 
CHCTATB BBIBO/L, HTO €CTB pe3epB. UTİ CHH?KEHHS METƏATUTOCMKOCTH 3a CueT TepexoMa K 
ozHo6arouHOH CBapHOİ paBHOTpOuHOİ KOHCTpyKHHH Tera GanaHcHnpa. 


/IHTEPATYPA 


1. Eyvazova Z E. Seriya ilə buraxılan mancanaq dəzgahlarının metal tutumunun azaldılması 
üzrə tədqiqatlar. “Azərbaycan ali texniki məktəblərin XƏBƏRLƏRİ” urmalı. Cild 20, Ne 1, 
2018, s.65-70. 
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ABSTRACT 


One of the metal-intensive units of modern dovvnhole pumping unit is the drive of dovvnhole 
sucker-rod pump, as vvhich at domestic fields is used commercially produced in accordance 
vvith the state standard rocker-rod. In this article, to identify the possibility of reducing the 
metal intensity of commercially available rocker-rods the possibility of replacing the existing 
tvvo-beam design of rocker-rod balancer on one beam vvelded equal strength balancer design is 
studied. By performing various design calculations, metal saving possibilities have been 
identified. 

Keyvvords: rocking-type machine, rocker, single-beam design, metal-intensity. 


SERİYA-BURAXILAN QUYU NASOS QURĞULARININ METAL TUTUMUNUN 
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XÜLASƏ 


Müasir quyu nasos qurğusunun metal tutumlu aqreqatlarından biri də məişət tarlalarında 
dövlət standartına uyğun olaraq kütləvi istehsal olunan nasos aqreqatı kimi istifadə olunan 
quyu çubuqlu nasosun idarəedicisidir. Bu məqalədə müəyyən etmək üçün kütləvi istehsal 
olunan nasos aqreqatlarının metal sərfiyyatının azaldılması imkanı, balanslaşdırıcının 
mancanaq dəsgahının tarazının ikitirli qaynaq olunmuş konstruksiyasını, balanslaşdırıcısının 
mancanaq dəsgahının tarazının birtirli qaynaq olunmuş konstruksiyası ilə dəyişdirilməsinin 
mümkünlüyü.Müxtəlif dizayn hesablamalarını apararkən metal qənaət imkanları müəyyən 
edilmişdir. 

Açar sözlər: mancanaq dəsgahı, tarazı, birtirli konstruksiyası, metal tutumu. 
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ABSTRACT 


Distillation is the application and removal of heat to separate hydrocarbons by their relative 
volatility or boiling points. This necessary addition of heat normally in the feed stream or at 
the tovver bottoms via a reboiler can also lead to unvvanted consequences such as 
polymerization, corrosion and reverse solubility. The removal of heat can lead to 
sedimentation, solubility effects, corrosion and precipitation. The concentration of certain 
constituents by the distillation process can cause corrosion, polymerization, sediment fouling 
and flovv phenomena effects. 

Keyvvords: solubility, corrosion, polymerization, distillation, heat, hydrocarbons, sediment, 
precipitation, fouling 


Distillation Economics of Fouling: Distillation is the most vvidely utilized separation 
technique and there are basically tvvo main types of chemical treatments in distillation 
columns, one is for corrosion control and the second is fouling control. 

Distillation can be utilized in very clean services such as ethylene fractionation vvhich, might 
fractionate for greater than ten years vvith no 1oss in efficiency due to corrosion or fouling - to 
very highly corrosive and fouling services. In Butadiene distillation, vvhich is a highly fouling 
application, some fractionation applications are measured in days. 

There are a least four types of chemical treatments in the process industry distillation. 

1. Antifoulants vvhich include dispersants, inhibitors, metal deactivators, retardants, anti- 
scalants, and anti-polymerants 

2. Corrosion Inhibitors vvhich include neutralizers, and both nitrogen and non- nitrogen-based 
filming corrosion inhibitors 

3. Phase Separation Chemicals vvhich include emulsion breakers, defoamers, antifoams, 
extraction aids, and solids-settling aids. 

4. Scavengers vvhich include agents to remove sulfides, oxygen, peroxide, and carbonyls. 
Several general factors influence the corrosion or fouling potential of a distillation process. 
These include feedstock, temperatures, reboiler heat fluxes, and hydrocarbon residence time. 
The type of feedstock for a distillation column has a large influence on the fouling potential. 
Many crudes type have high higher fouling and corrosion potential than others. Feeds that 
have olefin or diene concentrations vvill have increased foaming and fouling potentials. 

The general symptoms of tovver corrosion or fouling are many but they may include, 

1. Increasing or decreasing tovver pressure drop 

2. Inadequate separation leading to reduction in product capacity and purities 
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Tovver temperature profile changes 

Requirement to run the reflux rate higher or lovver than design 

Short reboiler run lengths 

Increasing steam chest pressure 

Increasing condensate temperature 

Increasing steam flovv 

Products not meeting specifications 

Reboiler fouling and plugging 

Level control issues 

Instrument issues such as the leads line to instrumentation plugging 

There are many benefits for utilizing chemical treatments, including increased capacity, 
reduced maintenance, and reduced environmental exposure leading to improved vvorker safety. 
By reducing the corrosion and fouling of a distillation column a tovver may have higher 
separation efficiency. This increased separation efficiency can improved product quality vvhile 
increasing capacity and production. Additionally increased separation efficiency can lead to 
lovver energy consumption in rebolilers and refrigerated condensers. 

Reducing the corrosion and fouling of a distillation column vvill reduce turnaround frequency. 
In one case at an ethylene plant the DeEthanizer reboiler cleanings averaged 21 days, and vvith 
proper chemical treatments vvent to 8 months. The increased run length vvill reduce 
maintenance costs vvith the added benefit of reducing personnel exposure to carcinogenic 
chemicals found in fouling deposits vvhile cleaning the tovver or reboiler. 

Some species like butadiene and benzene have been shovvrn to be carcinogenic. The species can 
be released vvhen cleaning the tovver and reboilers leading to unnecessary exposure to 
personnel, This benefit extends beyond the typical return on investment. 

A typical retum on investment for a chemical treatment programs should be 10096. If you 
extend your run length from one month to 8 months if can be as high as 1000976. Fach 
chemical treatment program needs to be evaluated correctly to calculate the returm on 
investment. The total maintenance cost of cleaning a tovver or reboiler needs to be calculated 
and plotted against the cost of the chemical, Each cost is inverse to each other. 

As chemical treatment increases, the maintenance cost decreases, but the chemical cost 
increases. The sum of the tvvo costs vvill form a minimum at the optimum treatment dosage 
and maintenance interval. Environment considerations may shift this minimum to reduce 
potential exposure. 

For example, if it cost USD 15,000 to clean a heat exchanger the maintenance monthly cost 
vvill be 15,000 divided by the number on months on line. Do not forget to factor in the 
environmental decontamination cost. If chemical cost is USD $200.00 per month and increases 
590 per month for each month of increased life, these tvvo costs can easily be plotted to obtain 
the proper desired run length of the application. In this example energy cost vvas not 
considered. 


ONƏQQEDPMuaRŞ9 
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Figure 1. Total cost diagram. 


The goal vvould be to achieve the calculated run length at the lovvest possible cost. Treatment 
targets might be 1096 residual chemical and 9096 consumption of the chemical iniected. İt is a 
good practice to measure the residual chemical in the tovver bottoms because of the reboiler 
circulation rate is much higher than most people envision. A typical reboiler vvill only have 
about 3096 vaporization rate and can have 3 to 10 times the tovver bottoms product flovv rate. 

A good rule of thumb is 25 ppm or less of chemical treatment based on the feed stream. This 
rule of thumb, like most rules of thumb depends on many factors such as the chemistry, 
concentration of the inhibitor and severity of the fouling potential. 


Corrosion Control: Corrosion is a malfor issue in distillation equipment even vvith proper 
designs. Multiple factors can interact and create corrosive attack. VVith the current run length 
of plants betvveen maintenance outages approaching five years, corrosion control is a must to 
maintain distillation efficiency and recovery. 

Areas of corrosion in distillation include, crude distillation, vacuum distillation, and solvent 
extraction. Proper metallurgy selection and then proper chemical treatment is essential to 
prevent corrosion in the distillation equipment for hydrocarbon and chemicals processing. 
Corrosion treatment chemicals include neutralizers, filmers, and other corrosion inhibitors. 
These chemical can prevent or mitigate damage from galvanic bi-metallic, aqueous acidic, and 
under-deposit corrosion, as vvell as pitting. 


Crude Distillation: Corrosion in refinery crude distillation units is a common industry 
problem. Acids or salts present in the distillation column overhead system may cause 
corrosion vvhen the right conditions exist. For this reason, it is common practice to in/ect 
corrosion inhibitors, neutralizer chemicals, or in some instances vvash vvater to control 
corrosion in the column overhead system. 
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Crude Distillation Unit overhead corrosion diminishes unit reliability and operation in a 
number of vvays. Some effects of overhead corrosion include equipment replacement and 
repair, lost throughput, reprocessing costs, offspec products, and dovvnstream unit fouling. The 
tvvo most common causes of overhead corrosion, acid corrosion and under salt corrosion stem 
from the presence of hydrochloric acid (HCİ). Acid corrosion occurs vvhen a condensed vvater 
phase is present and is most often characterized by a general metal thinning over a vvide area 
of the equipment. The most problematic form of acid corrosion occurs vvhen a pipe vvall or 
other surface operates at a temperature yust cool enough for vvater to form. HCİ in the vapors 
forms an acidic azeotrope vvith vvater, leading to potentially very lovv pH droplets of vvater. 
Here are some pictures from an atmospheric tovver of a Reside Hydrocracker Unit. The trays 
vvere of monel metallurgy and in operation for eight years. They vvere inspected in October 
2006 and found to be acceptable. Until 2005 the corrosion protection treatment vvas a 
combination of filming inhibitor and neutralizer. In 2005 the refiner decided to stop the 
neutralizer to save cost. This vvas the inspection result in March 2008. (4) 

Under-salt corrosion occurs vvhen corrosive salts form before a vvater phase is present. The 
strong acid HCİ reacts vvith ammonia (NH3) and neutralizing amines—both vveak bases—to 
form salts that deposit on process surfaces. These salts are acidic and also readily absorb vvater 
from the vapor stream. The vvater acts as the electrolyte to enable these acid salts to corrode 
the surface. Pitting typically occurs beneath these salts. (3) 

The principal agent causing overhead corrosion is hydrochloric acid, although amine hydor- 
chlorides, hydrogen sulfide, organic acids, sulfur oxy-acids, and carbon dioxide can also 
contribute to overhead corrosion. Oxygen, introduced through poorly managed vvater vvash 
systems can make corrosion vvorse. 

Hydrochloric acid induced overhead corrosion is primarily controlled by chloride management 
in the incoming crude oil and secondarily controlled by the use of supplemental iniection of 
organic neutralizers and corrosion inhibitors in the overhead system. Chloride management 
consists of good crude tank handling, desalting, and then polishing/neutralizing vvith aqueous 
sodium hydroxide, vvhich is commonly called caustic. 

Refinery crude feeds contain vvater and inorganic salts (sodium, magnesium, and calcium 
chloride). Hydrolysis of calcium and magnesium chlorides (MgClə and CaClə) occurs vvhen 
crude oil is heated in the pre-heat exchangers and fired heaters. (2) 


Many refiners in/ect caustic into the crude feed to the crude unit distillation tovver to control 
condensation of hydrochloric acid dovvnstream of the distillation tovver in the overhead line. 
Caustic in)ection is carefully balanced vvith chloride levels measured in the overhead receiver. 
Typically, operators specify chloride levels to be betvveen 10 and 30 ppm. The lovver limit is 
set to avoid over-treatment vvith caustic. Over treatment vvith caustic can result in 
contamination of the heavy products from the crude distillation tovver vvith sodium, vvhich can 
affect dovvnstream units such as cokers, visbreakers, and Fluid Catalytic Cracking (FCC) 
Units. One best practice limits sodium to 25 ppm in the visbreaker feed. 

Caustic treatment has been ongoing for many years and the lessons learned from caustic 
treatment can be applied to other types of chemical treatments. Hovv the chemical treatment is 
introduced to the process is very important to the success of the treatment. A typical iniection 
quill might look like the follovving example. 
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Figure 2. Proper insertion depth should be vvithin center 1/3 of the pipe. 


Generally, the most effective position for chemical iniection is at the center of the pipe. The 
highest fluid velocity is normally at the center of the line, therefore, inyection at this point is 
intended to prevent concentration of the chemical at the edge vvhere the velocity is lovv due to 
friction and vvill ensure efficient distribution of the chemical treatment. 

The design of a chemical iniection quill uses an open end quill vvith a beveled tip that is 
slotted. The concept for this design is that the process stream pushes the treatment mixture 
through the slot in the quill vvhich vvill create turbulence and mixing dovvnstream. Moreover, 
this design restricts the treatment flovv to the pipe centerline area promoting mixing and 
dilution prior to contacting the pipe vvall, It also is used to minimize the vortexes that form on 
the back side of a nonangled quill. The angle and the slot minimize the dovvnstream vortexes 
that are formed. If non-slotted some recommendations are to reverse the angle. 

An example of a poorly designed chemical in/ection point can be seen in the next picture. The 
chemical vvas allovved to be in)ected close to the vvall and the vvall vvas thinned by the 
chemical, 

The preferred design of a caustic in)ection quill is one that directs the caustic flovv 
dovvnstream, such as the side-hole quill, vvith the opening oriented dovvnstream. 


Naphthenic Acids in Crude and Vacuum Tovver: Processing crude oils containing high 
levels of calcium naphthenates can present a number of operating challenges. Tvvo processing 
technologies can help refiners successfully process these crudes. The first is a metals removal 
technology developed to remove calcium in the crude unit desalting operation and the second 
vvould be chemical treatments in the crude and vacuum columns. 

Several crude oils have come into production vvithin the last fevv years that contain high levels 
of calcium naphthenates. Typically, these crudes are medium to heavy (specific gravity 0.89 — 
0.95 kg/1), highly biodegraded oils, high in naphthenic acid content, and containing high 
concentrations of calcium ion in the formation vvater. 
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Side Vievv Front Vievv 
Figure 3. Flovv directions. 


The calcium naphthenates found in many crude oils are largely insoluble in oil, vvater and 
solvents. Calcium naphthenates can cause fouling in separators, hydrocyclones, heat 
exchangers and other upstream production equipment. VVhen blended into refinery crude oil 
feedstocks, these crudes can create a number of processing and product quality challenges in 
the tank farm, crude unit and dovvnstream units. These processing issues result from several 
observed attributes of crude oil blends containing calcium naphthenates: 

e High conductivity crude blends 

e Tendency to form stable emulsions 

e High calcium content of atmospheric and vacuum resids 

e Higher levels of lovv molecular vveight organic acids in crude unit distillation column 
overheads 

e Increased high temperature naphthenic acid corrosion activity 

Processing crudes high in calcium naphthenates, as vvith many high TAN (Total Acid 
Number) crude oils, can result in higher loadings of lovv molecular vveight organic acids and 
COz in the upper portions of the crude and vacuum columns and overhead condensing 
systems. The amount and distribution of lovver molecular vveight acids and COz in these 
systems is a function of the distribution of organic acid molecular vveights in the crude oil, 
plus heater outlet, side cut, and column overhead temperatures. 

The higher loadings of organic acids and CO: in crude unit distillation tovvers and overheads 
from processing high TAN crude oils may cause higher than desired corrosion activity in 
these areas. In some cases, the current means of controlling aqueous overhead or tovver 
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corrosion may be inadequate under these nevv conditions. Refiners may need to re-assess the 
capabilities of their overhead vvash vvater systems, or have to utilize different corrosion 
inhibitor chemistries that are more effective under the nevv system conditions. 
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Side Vievv Front Vievv 
Figure 4. Higher Levels of Organic Acids in Crude Unit Overhead Systems. 


VVhere there are concerns about increased overhead system corrosion activities, refiners can 
use lonic Equilibrium Model (I1EM) technology to complete a unit aqueous corrosion control 
revievv. TEM is a proprietary process simulation-based technology developed by Shell Oil 
Products Company and licensed only to Baker Petrolite that rigorously models both the 
hydrocarbon and aqueous phases present in common refinery processes. The IEM utilizes a 
proprietary database of thermodynamic data for the phase behavior of neutralizing amines. 

An additional concern for chemical treatment in the crude unit overhead is the application of 
the filmer technology. This filmer, commonly knovvn as the corrosion inhibitor, forms a thin 
film on the metallurgy and prevents corrosion. Hovvever most of the commercial filmers have 
a certain surfactancy and can cause a vvater emulsion to occur in the naphtha product stream. 
The vvater in the naphtha stream can caused dovvnstream unit problems, mainly corrosion 
issues. Proper selection of corrosion inhibitors to minimize this effect should be taken into 
consideration vvhen refiners consider different filmer technologies. 


Increased High Temperature Naphthenic Acid Corrosion Activity: Processing crude oil 
blends high in TAN can increase the potential for naphthenic acid corrosion in crude oil 
distillation units. This phenomenon has been vvell documented in industry literature. If not 
controlled, high temperature naphthenic acid corrosion can result in higher equipment 
replacement costs, lovver unit reliability and availability, and increased severity of 
dovvnstream unit fouling due to elevated levels of iron naphthenates in crude unit distillates. 
Color stability may also be affected by the presence of iron naphthenates in crude unit 
distillates. 
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Naphthenic acid corrosion activity is dependent upon a number of key variables. The most 
important variables include: 
e The naphthenic acid content of the hydrocarbon streams, typically measured by TAN (mg 
KOH/gram sample). Naphthenic Acid based corrosion is either reduced or augmented 
depending on: 
VVt. €6 sulfur 
VVhether TAN is high or lovv 
VVhether fluid phase is liquid or vapor 

The temperature of the metal surfaces being contacted by the corrosive hydrocarbons 
Naphthenic acids concentrate above 260”C boiling range 
Highest concentration in 316-427?C boiling range 
Lovvest temperature vvhere attack occurs “/2009C (400 F) 
Above 4509C€ (825 F) disintegrates into lovver molecular vveight acids 
Naphthenic acids corrosion activity is often high in location vvhere acids condense out of 
the vapor phase. 
e "The shear stress of the hydrocarbon moving across the metal surface (a function of 
velocity and turbulence of the flovving stream) 
a, At lovv velocity, acid concentration caused by boiling and condensing causes attack. Small 
erosion effect on corrosion if velocity is betvveen 1.2-6.5 ft/sec. 
b. At high velocity, multiphase stream rapid corrosion can occur due to erosion-corrosion. 
Naphthenic acid corrosion is accelerated in furnaces and transfer lines vvhere the velocity of 
the liquid/vapor phase is increased. High turbulence areas have severe corrosion. 
c. Turbulence and cavitation in pumps may result in rapid attack 
e "The type of alloy in use vvhere hydrocarbon TAN, surface temperature and shear stresses 
make the system susceptible to naphthenic acid corrosion attack 
a, Metallurgy - 3168SS, 3178SS and materials vvith higher alloys (more molybdenum) are more 
resistant to naphthenic acid corrosion. 
Many areas of the crude distillation unit can be susceptible to high temperature naphthenic 
acid corrosion. These areas can most simply be identified as those vvhich: 
1. Are exposed to hydrocarbon fluids that contain corrosive levels of naphthenic acids 
(Generally considered to be any stream vvith TAN x” 0.5 mg KOH/g, though lovver thresholds 
apply in some cases) 
2. Operate at temperatures of 220 — 4009C (425 — 750"F), and: 
3. Are constructed vvith metallurgy not generally considered to be resistant to naphthenic 
acid corrosion attack. 316, 316L, 317 or 317L stainless steels are generally considered to be 
resistant materials 
Areas of the crude unit that are susceptible to naphthenic acid corrosion according to the 
above parameters typically include: 
e Hot crude preheat exchanger netvvork 
e Atmospheric heater tubes 
e Atmospheric tovver transfer line 
e lLovver section of atmospheric tovver (lining, trays) and associated atmospheric gas oil 
(AGO) pump around/product dravv system 
e Atmospheric tovver bottoms line and any bottoms heat exchangers (if not integrated vvith 
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vacuum unit) 

e Vacuum heater tubes 

e Vacuum toveer transfer line 

e Vacuum tovver (lining, trays, packing) and associated LVGO, and HVGO pump 
around/product dravv systems 

e Vacuum tovver over flash dravv and “pump back” lines and associated equipment 

e Vacuum tovver bottoms line and heat exchangers 

Other areas of the unit may also be susceptible depending on crude blend properties, unit 
design, operating conditions and actual materials of construction. 

One of the greatest concerns refiners face vvhen processing high TAN ecrudes is the potential 
for high temperature naphthenic acid corrosion attack. Hovvever, years of experience in this 
area have yielded several strategies that can be implemented to identify susceptible areas of 
the unit, to successfully mitigate naphthenic acid corrosion, and to effectively monitor this 
type of corrosion activity. 

The first phase of an engineered solution is to perform a comprehensive high TAN impact 
assessment of a crude unit processing a target high TAN blend under defined operating 
conditions. An important part of the any solution system is the design and implementation of 
a comprehensive corrosion monitoring program. Effective corrosion monitoring helps 
confirm vvhich areas of the unit require a corrosion mitigation strategy, and provides essential 
feedback on the impact of any mitigation steps taken. 

VVith a complete understanding of the unit operating conditions, crude oil and distillate 
properties, unit metallurgies and equipment performance history, a probability of failure 
analysis can be performed for those areas vvhich vvould be susceptible to naphthenic acid 
corrosion. Each process circuit is assigned a relative failure probability rating based on the 
survey data and industry experience. 

Corrosion inhibitors are often the most economical choice for mitigation of naphthenic acid 
corrosion. Effective inhibition programs can allovv refiners to defer or avoid capital intensive 
alloy upgrades, especially vvhere high TAN crudes are not processed on a full time basis. 
Baker Petrolite has pioneered the use of lovv phosphorous inhibitor formulations in refineries 
vvhere the potential dovvnstream effects of phosphorous are a concern. Use of Best Practices 
for high temperature inhibitor applications ensures that the correct amount of inhibitor is 
delivered safely and effectively to all of the susceptible areas of the unit. 

Crude blending is the most common solution to high TAN crude processing. Blending can be 
effective if proper care is taken to control crude oil and distillate acid numbers to proper 
threshold levels. 


Conclusions: Several general factors influence the distillation fouling potential of a process. 
These include feed stock, chemistry, temperatures, reboiler heat fluxes, and hydrocarbon 
residence time. The type of feedstock for a distillation column has a large influence on the 
fouling potential. Feeds that have olefin or diene concentration vvill have increase foaming 
and fouling potentials. 

The column operating temperature affects fouling rates. In a refinery the crude unit and 
hydrotreater units might have tovvers that run under a vacuum to reduce the bottoms operating 
temperature to reduce fouling and product degradation. In an ethylene unit a DePropanizer 
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tovver might have the overhead cooling be refrigeration to reduce the tovver bottom 
temperature. The goal vvould be to operate the column belovv the fouling initiation 
temperature of the contained fouling species. 

For highly fouling services restrict the reboiler heat flux. A typical reboiler might have as 
much as 3096 vaporization and high heat fluxes. Reducing the percent vaporization and using 
a lovver heating medium vvill reduce fouling potential. The hydrocarbon residence time vvill 
affect the fouling rate. Design columns to have lovver residence times in fouling services. At 
lovver charge rates residence time is increased, minimize lovv charge rates vvhen possible. 
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XÜLASƏ 


Distillə karbohidrogenlərin nisbi uçuculuq və ya qaynama temperaturu üzrə bölünməsi üçün 
istilik istifadəsi və çıxarılmasıdır. Bu istilik zəruri əlavə, adətən feed axını və ya qabırğa 
vasitəsilə qalanın aşağı hissəsində, həmçinin polimerləşmə, korroziya və solubility kimi 
istenmeyen nəticələrə gətirib çıxara bilər. İstiliyin çıxarılması çöküntülərə, həllolunma 
effektlərinə, korroziyaya və yağıntıların düşməsinə səbəb ola bilər. Distillə prosesində 
müəyyən komponentlərin konsentrasiyası korroziyaya, polimerləşməyə, çöküntünün 
çirklənməsinə və axın hadisələrinə səbəb ola bilər. 
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Açar sözlər: solubility, korroziya, polimerləşmə, distillə, istilik, karbohidrogenlər, 
çöküntülər, çökmə, çirklənmə. 
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ABSTRACT 


The study has been carried out on the basis of scientific foundations of materials science and 
povvder metallurgy. It has been found out that the main factors determining the vvear resistance 
of antifriction povvder materials are dispersibility of povvders, structure and porosity of the 
material. Considering the state of studying the problem of increasing the vvear resistance of 
povvder materials, it has been noted that in the present time there are no scientifically based 
receptions for obtaining sintered products from the charge containing industrial vvaste. 
Analyzing the relationship of the influence of various factors on the formation of product 
properties by the need to develop a nevv class of antifriction povvder materials containing iron 
povvders, chips of stamping steel and copper graphite is substantiated. 

Keyvvords: povvder metallurgy, production of friction assemblies, chips, grinding, mixing, 
pressing, sintering, iron steel-copper graphite, sintered alloys, physical and mechanical 
properties, structure, tribotechnical characteristics. 


Introduction: Scientific and technical progress, an increase in the needs of industry in high- 
quality materials put before scientists and engineers the problems of reducing the metal- 
capacity structures and parts of machines, increasing their reliability and durability at the 
expense of the raise of the mechanical properties complex. The introduction of progressive 
thermal processing technologies to the industry, allovving to increase the durability and 
reliability of units is the part of this task, the solution of vvhich makes it possible to save 
expensive alloying elements, increase productivity and the quality of products by decreasing its 
cost price 111. There are very fevv publications relating to the development of povvder materials 
obtained from cheap materials that could be used to produce components of nodes. Therefore, 
no studies have been carried out on the creation of materials containing chips of high-carbon 
tool steels. Sintered povvder materials have tremendous potential for further development and 
therefore attract the attention of many researchers. 

Composite povvder materials that have got vvide use in various nodes of machinery and 
instruments can replace expensive non-ferrous bearing alloys, reducing metal consumption and 
energy costs by excluding the mechanical processing and use of lovv-vvaste technology. 
According to mechanical properties, porous povvder materials due to the presence of pores in 
their structure are somevvhat inferior to the cast, but according to its operational properties and 
especially on antifriction, they are greatly superior. The term of their service is usually one and 
a half three times more than the bearings made from non-porous materials (bronze, babbit, 
brass, cast iron, steel), and in some cases also rolling bearings 121. 
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Antifriction properties of povvder materials can easily vary by selecting the optimal 
composition of the material, its porosity and solid lubrication content that contributes to the 
formation of the separation film on the surface. Thus, the choice of the composition of the 
material under certain conditions of operation is determined by the complex of 
physicomechanical and antifriction properties of alloys necessary to ensure the specified 
performance of the friction assembly. 

VVhen creating antifriction alloys, methods of povvder metallurgy strive to make some of the 
cheap and affordable metals. In this case, the necessary antifriction properties of the material 
are provided by the change in its structure by additional alloying or the introduction of 
antifriction additives in the charge. An even higher level of properties of materials of friction 
assemblies can be achieved vvhen using composite povvder materials made on the basis of high- 
alloy alloys of iron, copper, as vvell as nickel, chromium and other knovvn metals containing 
solid lubricant in their composition. The alloying of the base leads to an improvement in the 
structure of the material, physicomechanical and antifriction properties. Hovvever, all these 
alloying measures increase the value of the material and due to the deficiency of special 
additives limit the use of povvder materials in large-scale and mass production. Therefore, the 
use of industrial vvaste as a material and alloying additives in the production of povvder 
materials of the responsible destination is advantageous in the feasibility 131. The structure of 
metal alloys depends on vvhich interactions enter and vvhich structures form the components, 
vvhich form them. VVith a complete mutual solubility of components in a solid state, the 
microstructure of all alloys is a grain of a solid solution. Such a structure vvill have all alloys in 
vvhich the amount of soluble component does not exceed its limiting solubility at normal 
temperature. VVith limited solubility, vvhich is characteristic for many alloys (Pb-Sb, A1-Cu, Cu- 
Sn, Mg-Zn, Fe-C, etc.), structures consisting of a mixture of tvvo or more phases (solid 
solutions and chemical compounds). If in the alloy the soluble component is present in an 
amount exceeding its solubility limit in the main metal at a given temperature, the structure has 
been formed vvhich consists of a matrix (main solid) and the particles of other solid solutions 
often on the base of chemical compounds. Such structure is called matrix or heterogeneous. For 
example, in crystallization of many alloys on aluminum, magnesium, iron and other bases, 
structures consisting of a main solid solvent based on metal solvent and particles of one or more 
chemical compounds have been formed (CuAl, AIMg, MgAl, FeCu and etc.) 141. Many years of 
experience in the use of antifriction materials in a variety of industries shovved that according to 
properties, they do not inferior to cast alloys made on the basis of both black and non-ferrous 
metals and ensure the performance of friction nodes in the lubricating condition, at 5-10 MPa 
load, sliding speed to 3-4 m/s T51. Their main advantages in front of cast alloys are higher vvear 
resistance (by 1.5-3 times) the possibility of using vvith limited and periodic lubricant, vvhich 
facilitates the operation of friction nodes equipped vvith sintered antifriction materials, and 
Therefore, the production of products from antifriction materials is a leading type of production 
in povvder metallurgy. Iron and copper based tvvo main classes of materials got vvide use. Of 
these, the most famous are the follovving materials based on iron and bronze: porous iron, iron- 
graphite (1-796), iron copper (1-596) - graphite (1-366), iron-graphite (1-396) - sulfur (0.5-176), 
iron copper (2-596), graphite (0.5-1.5) - (0.4-0.896), copper-tin (8-1276), graphite (2-496) and 
others 161. Along vvith the general requirements of the technology of manufacturing materials 
for bearings, the need to use the non-deficient source ravv materials occurs. Recently, composite 
antifriction materials began to be used, for vvhich the traditional materials, traditional processes 
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Of povvder metallurgy are used, and nevv technological methods. At the same time, industrial 
vvaste, such as chips of various metals and alloys, is vvidely used. Antifriction material based on 
steel chips has been proposed in 171. The manufacture of antifriction material has been made 
according to the follovving technological process: mixing steel shavings vvith graphite, Cold 
pressing of the mixture, hot pressing, full annealing: quenching in oil, grinding: impregnation 
in oil, As a result of the experiments, the follovving conclusions have been made: the 
manufacture of antifriction porous materials from the compositions Steel chips - graphite is 
possible and economically appropriate, The material obtained has antifriction and mechanical 
properties close to porous povvder alloys of the iron-graphite type. 

The technology of obtaining povvders from the IIIX steel type, subiected to preliminary heat 
treatment embrittlement has also been developed İ81. According to preliminary calculations, the 
COSt Of 1 t of the steel povvder obtained by recycling metal vvaste is 1.5-2 times higher than the 
value of the steel povvder obtained by spraying melt. Povvders can be used to make parts of 
general engineering purposes as the surfacing materials in the manufacture of povvder tape, 
surfacing materials. 

In this paper, the analysis of literature data shovvs that the use of antifriction povvder materials 
has tremendous potential for further development and therefore attracts the attention of many 
researchers. The main focus of researchers is given to the creation of nevv antifriction povvder 
materials based on iron, vvhich successfully replace the bronze and other deficient povvder 
materials. Each component entered into the material had its ovvn specific structure and 
properties in different vvays affect the formation of the composition as a vvhole. In this regard, 
the structure and properties of the composite material can be significantly changed by varying 
the type and content of the initial components in the particle size, the ratio of their dispersion, 
synthesis technologies, etc. Therefore, the "design" of the nevv composite povvder material is 
alvvays associated vvith a number of studies and the establishment of previously unknovvn 
patterns. 

The chips of stamped steel grades X12, X12M, X12MF, etc. are of great interest. "These steels 
are alloyed vvith such carbido-forming elements as chromium, molybdenum and vanadium, 
vvhich can play a positive role in the formation of the structure and operational properties of 
povvder material. Hovvever, due to the high hardness, chip vvaste of stamped steels almost do 
not have the ability to deform vvhen cold pressed. Therefore, to improve the pressing of the 
povvder mixture, along vvith solid particles of stamped steel povvders, it is necessary to use 
povvders of more plastic elements, such as iron and copper graphite. 

Of the above, the importance of conducting research is becoming obvious to the use of 
industrial vvaste of mechanical engineering in the production of povvder products. The 
processing of chips formed in the instrumental production vvith the purpose of obtaining 
sintered materials and products from them is an urgent task. 


Goal of the vvork: Studies of obtaining sintered antifriction materials from a mixture of iron 
povvders, copper graphite and chip vvaste of stamped steels, as vvell as the establishment of the 
dependence of the physicomechanical and tribotechnical properties of porous products vvith the 
structure and technological factors. 


Methods of research: For research and obtaining antifriction materials, the follovving materials 
have been used: Reecycled Tron Povvder of the PCRV 2.160.26 made of the Siline Metallurgical 
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Plant GOST 9849-86, Povvder Cellular graphite (mg) 191, chip vvaste of instrumental steel 
grades X12, X12M, XI12F1 1101, Povvder of zinc stearite TU 6.09-3567-75. Chemical 
compounds and physico-technological properties of the source povvders are given in Tables 1 
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Table 1. Chemical composition of the initial povvders. 
Name 1 Composition of elements, vvt.,?6, no more 
of msoluble 
Ne 1 povvd residue 
ers in hydro- 
2 chloric R. 
s üulslimş s 1 o /acid o ialelsail o si m 
1 1) Hon 
brand 0,1 10,3 10,0 10,0 1 0,2 bas 
IDKP - 0 5 2 2 0 - ı lr ir : ı e 
DB 0041 0$05518857: İ/i/i(il / l 01 ) 
ül” 11 1 is. İ 04- İ bas 
rand z - - - - - - -1-1-112, 
XI2M 1 193 5 0,3 0,6 İe 
3 1 Coppe 75, 
T- 14,6- 3- 
graphi İ 24,7 7 ı ı ı ı ı 851177: ı ı ı 
te 4 
Table 2. Physico-technological properties of povvders 
Name Fraction output, ”6 particle size, mm Bulk Fluidity, 1 Pressure 
of povvders 1 0,25- 1 0,16 1 0,10 0,071 x0,045 density, no more 1 tightness, 
No 0,16 İ - 2 : g/em” S 700 MPa 
0,10 1 0,071 1 0,045 at least, g/em” 
1 1 Iron brand 0-10 10- 1 20-40 1 20-30 10-30 2,5-2,7 38 6,9 
IDKPB 30 
2 1 Steel brand İ 30-40 İ 30- 10-15 1 5-10 0,5 2,6 33 5,8 
XI2M 40 
3 1 Copper- 25-40 1 20- 10-20 1 4-8,8 0,2-1,2 2,3 21 6,2 
graphite 30 


Mixing of povvders has been carried out in U-like stirrer vvithin 40 minutes. Primary studies on 
cold pressing vvere carried out in laboratory using manual molds. On the hydraulic press of GP- 
125, the prismatic samples of 10x10x55 mm samples and a sleeve of 16x7x11 mm vvere 
pressed. The granulometric composition and form of particles (Fig. 1, A-g) of povvders of the 
mixtops entered in the mixture, vvhich is shovm in Table 2, is important for obtaining the 
necessary properties. 2 shovvs the micrograph of the uniformity of the charge after pressing in 


different pressures (700 and 1000 MPa). 
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a b 


Figure 1. Form of povvder particles, X500: a, b-steel brand X12M, c, d — copper-graphite. 


a b 


Figure 2. Microstructure of extruded charge, x500: a - 400 MPa, b - 1000 MPa. 


In vvorkshop conditions the pressing has been made vvith volumetric metering of the charge on a 
specialized hydraulic press of the HRM-100S model vvith a nominal force of 1000 kN. The 
sintering of molding of 10x10x55 mm size has been carried out in an endothermic gas medium 
in a continuous operation furnace at 1100 “C, as vvell as in the hydrogen medium, both in an 
industrial furnace at a temperature of 1360?C and in the laboratory. The density and porosity of 
the sintered samples have been determined by the hydrostatic method according to GOST 
18898-73. Metallographic analysis has been performed on the "Neophot-21" microscope, and 
the distribution of elements - on the electron microscope RAM-200. The phase composition of 
the developed materials has been investigated on X-ray diffractometer DRON-2.0. Tensile test 
has been performed in accordance vvith GOST 1497-73 on the R-10 machine. The hardness of 
the samples and parts vvas determined by the method of Brinell on the TSh-2M hardness. GOST 
9013-59. The tensile strength of bending and impact viscosity has been determined on the 


124 


AVADANLIQLAR. TEXNOLOGİYALAR. MATERİALLAR 


CİLD 10 BURAXILIŞ 02 2022 


discontinuous machine according to GOST 18228-72 and the Kopra KM-30 on prismatic 
samples according to GOST 9454-78. The tribotechnical characteristics of the samples have 
been studied on the friction machine of the VIM"B018 model according to GOST 22502-74 using 
a specially designed device. 


Research results: As a result of the analysis of literary data and the studies presented, the 
charge has been selected from the steel povvder (5096 vvt.) “ Iron (res. 96 vvt.) and the cleaned 
graphite is added to it, and the content of the copper graphite varied from 0 to 1596. The use of 
a mixture containing heterogeneous materials vvill allovv to create a composite sintered material 
vvith a heterogeneous structure that provides high vvear resistance. Such a heterogeneous 
structure is a matrix and uniformly distributed solid inclusions in it. As it can be seen from table 
3, samples sintered in the endogas medium do not have mechanical strength. VVhen interacting 
vvith the endogas, the particles of steel X12F1 are not restored, it is possible chromium and 
vanadium oxides, preventing the heterodiffusion are formed. On the contrary, during sintering 
in the hydrogen medium, the processes of recovery, partial decarburization are activated (Fig. 3 
a, b) and the redistribution of carbon in the volume of steel, Samples sintered in a hydrogen 
medium at 1250 ?C have a hardness of about 90-92 HRV band a ferrite-pearlite structure. 


Table 3. Conditions and sintering regimes, as vvell as structure and hardness of povvder steel 
(iron steel) 


Type Furnace Sintering Hardness Microstructure of 
of furnaces atmosphere temperature, of samples sintered steel 

(ə 
4KOHO Endogas 1150 54-96 HB Ferrite, oxide and non 
“THH/HIBEPT? etchable particles of steel X12F1 
Laboratory Hydrogen 1250 90-92 HRB Ferrite, pearlite and non 
furnace CYO./I etchable particles of steel X12F1 
OKTB 8086 Hydrogen 1360 52-54 HRC Troostite, carbides and 

non-hardening areas 


By the increase of sintering temperature of the samples in the hydrogen to 13607C, the liquid 
phase appears and the full fusion of the particles of iron and steel X12F1 takes place. In this 
case, the porosity of the samples decreases, the sizes of pores change. VVhen the samples are 
cooled in the refrigerator of the stove, structure consisting of troostite and carbides is formed 
(Fig. 3 e). In all cases of sintering in the structure of samples, there are "light" non etchable 
particles (Fig. 3 f). This suggests that on the one hand, carbon is being redistributed in the 
volume of steel and on the other - there is no diffusion of chromium in the iron. Therefore, in 
the depleted carbon particles, steel of X12F1 vvith cooling y — o transformation does not occur. 
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Figur 3. The microstructure of the sintered steel, depending on the condition of the sintering 
mode: X400 a, b - ferrite and oxides, respectively, in, c, d - ferrite, perlite, e - troostite 
carbides, f - "light" non etchable particles. 


In the manufacture of composite material a large number of technological factors affect its 
physicomechanical properties, vvhich directly in some cases is difficult to follovv. Therefore, the 
influence of technological factors is primarily assessed by changing the physicomechanical 
properties and the structure of the material, to a large extent affecting the behavior of the 
material in the friction node. 

Technological modes affect the antifriction properties of the material already in the 
manufacture of povvders. They determine the size and shape of povvder particles, the magnitude 
Of their surface, physical and chemical activity of them during subsequent processing, 
cleanliness of the composition, etc. 

Composite material obtained from a mixture of stamping steel povvder, iron and copper graphite 
may vvell satisfy the requirements for heterogeneous structure. Carbides contained in the 
structure of steel can act in the role of solid inclusions, iron and copper graphite - in the role of 
the matrix. 
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It is experimentally shovvn that vvith an increase in the content of copper graphite povvder in the 
mixture, the mechanical properties of the sintered material increase due to liquid sintering. 
Hovvever, a significant increase in the content of the copper graphite in the mixture is not more 
than 1596 inexpedient from an economic point of vievv. A large role in the formation of the 
properties of the material is played by the particle component particles of the mixture. VVith an 
increase in the size of the particles of steel from 50 um to 315 microns, the mechanical 
properties of the sintered material are not the same. So, if vvith an increase in particle sizes, the 
value of op inhibits and the HB decreases, the values of the KC and o: are significantly 
increased. A more homogeneous structure is formed by a material containing large fractions 
(315 microns) of steel povvder and less -315 microns of copper graphite. 

As a result of the experiments, the composition and technological modes of obtaining sintered 
material of the type of iron-steel “ copper graphite (comparing properties vvith iron cast and 
iron-graphite materials) (Table 4). 


Table 4. Mechanical characteristics of sintered materials (contained in the mixture povvder steel 
X12M - 50-315 um and copper graphite - 50-315 um). 


Material Porosity, 1 Density, Hardness, 1 Tensile Bending Impact 
00 g/em” HB, MPa 1 strength limit, İ strength limit, 1 viscosity, 
MPa MPa kC/m? 
Ironsteel--CG” 15-25 6,0-6,8 600-1200 1İ 170-250 220-280 16-21 
Iron cast 15-25 5,8-6,1 500-1100 110-150 140-170 10-15 
ITrongraphite 15-25 5,5-5,9 500-900 130-170 180-200 13-17 


"G- copper graphite 


Composition of steel iron proportion is 1:1, vveight 1596, technological regimes: pressing 
pressure in (svveating) matrix is 700 MPa, sintering temperature 11507C, sintering atmosphere — 
endothermic gas. Therefore, as the main material, sintered alloys contained in the charge of 
1596 vvt. CG have been recommended. The microstructure of alloys containing CG povvder in 
the mixture differs significantly from the microstructure of alloys of non-containing it. This is 
due to the destruction and formation of the liquid phase of copper during sintering, vvhich 
enhances the processes of partial splicing, crushing carbides (Fig. 4 c, e, f) and the 
redistribution of chromium and carbon in the volume of the alloy. In this case, the porosity of 
the samples decreases, the sizes of pores change (Fig. 4 a, b, d,). 

Depending on the CG the microstructure of the sintered iron steel F CG have alloyed ferrite, 
ferrite “ pearlite (Fig. 4 a, b) vvith shutting dovvn "light" phases (Fig. 4 d, f) and pearlite £ 
carbides (Fig. 4 b, c). 

In order to study the chemical composition of inclusions on the micro x-ray spectral analyzer 
Camsan, microanalysis of individual points of the microstructure of a sintered material 
containing 1596 vveight has been carried out. 

The number of elements at individual points is shovvn in Table 5, from vvhich it is clear that the 
chemical compositions are sharply different. For example, at points 1, 2, 5 and 6, the alloy 
consists of a solid solution Fe-Cu-Cr-Mo vvith a very large content of iron (91.16, 92.21, 93.45, 
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95.10 vvt.96), and at points 3 and 4 the prevailing element is copper. The content of non-metallic 
inclusions is very small, vvhich indicates a high-quality sintering of the composite. 


2. 
d 


f 


Figure 4. Microstructure of the alloys containing CG povvder in the mixture (1596 vt.): X400 
a,b - alloyed ferrite, ferrite — pearlite, d, f - "bright" phases, c, e - pearlite - carbide 


Table 5. The chemical composition of the composite material contained in the charge of the 
povvder copper graphite (1599), iron steel “ the rest. 


No of Composition of elements, vvt. 96 

microanalyses Fe Cu Cr Mo 
points 

1 93,45 1,42 4,9 0,23 
2 95,10 1,32 Əyə 0,28 
3 6,60 93,40 - - 

4 11,58 88,42 - - 
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5 91,16 
6 92,21 


Ə,ə2 
0,97 


4,51 
6,30 


0,41 
0,52 


Figure 5. Location of points vvhere the chemical composition of the composite material is 
determined: x300. 


Thus, it can be noted that by introducing CG into a charge based on steel povvder, it is possible 
to synthesize a povvder material during sintering that meets the requirement of the Sharpy rule 
(arrangement of solid particles and phases in an elastic-plastic matrix). At the same time, the 
use of copper-graphite povvder in the charge can significantly improve its compressibility. 

In the numerator, the data of the samples are obtained in the usual, and in the denominator - in 
the "svveating" matrix. On the left, it is the coefficient of friction, on the right - the vvear 
resistance, um/km. 

The tribotechnical properties of the materials are summarized in Table 6, vvhich shovvs that the 
materials pressed in the "svveating" matrix are characterized by lovv friction coefficients and 
vvear intensity. At the same time, the carrying capacity of iron steel “ 1596 CG, for example, 
increases from 8 to 14 MPa, iron steel - from 6 to 12 MPa, etc. 


Table 6. Tribotechnical characteristics of centered materials. 


Tested “dry” friction load, MPa 
-—— 2 4 6 8 10 12 14 
Ironsteel 0.15/92 1 0,20/54 İ 0,11/80 1 0,20/82 1 0,18/780 İ - z 
0,15/18 7 0,16/30 1 0,17/82 1 0,16/119 1 0,18/132 
Ironsteel"-CG 1 0,09/21 1 0,11/30 . 0,11/160 , 0,09/182 1 0,09/600 m z 
0,08/715 1 0,09/17 1 0,10/60 1 0,10/65 1 0,095/98 1 0.09/120 1 0,087165 
İroncast 0,15/104 İ 0,21/348 İ 0,20/580 İ 0,18/2000 ız z iz 
0,15/74 1 0,17/65 1 0,17/135 1 0,17/142. / 0/15/159 7 0,14/560 m 
Iron graphite 0,12/2 0,15/25 I 0,14/122 1 0,12/250 1 0,11/350 1 0,10/550 , 0,09/2000 
0,12/5 0,12/12 1 /0,13/65 1 “0,12/77  İ 0,11/124 1 0,11/184 İ (0,10/520 


Discussions of results: Technological processes have been developed to prepare products made 
of povvder materials of the type of iron steel -- 1596 CG of containing industrial vvaste. The 


129 


ə EQUIPMENT. TECHNOLOGİES. MATERTALS 


ETM 


VOLUME 10 ISSUE 02 2022 


main feature of the manufacture of products from the developed materials is the use of a 
mixture that do not contain technological lubrication. 

Alloying of materials vvith povvders of alloys vvith a heterogeneous structure as vvell as 
saturation CG made it possibly to create vvear-resistant iron based povvder materials, Use of 
receiving a cold pressing of the mixture does not contain technological lubricant. The main 
theoretical aspects of increasing the vvear resistance of povvder materials have been proposed. 
The safety of the reliable connection betvveen the solid inclusions and the matrix of structures in 
the formation process, achieved excluding the technological lubrication from the charge 
composition, - formation in the near-surface layers of heterogeneous povvders of "related" 
phases and inclusions to improve their vvettability, - mechanical plating of particles carrying 
inclusions vvith particles of plastic metals. Additional studies are required for a deep study of 
the acceleration of the transformation and diffusion capacity of chromium, to redistribute it in 
the volume of the alloy. 


Conclusions: 1. Patterns of influence of the alloying components of the povvders of copper 
graphite and vvaste of stamped steel on the resistance of the break, bending strength, shock 
viscosity, hardness, structure, and tribotechnical characteristics have been studied. 2. Nevv 
highly efficient composite povvder alloys, vvhich have satisfactory strength and sufficiently high 
resistance to various types of destruction. 3. "The experimental dependences have been 
developed of the effect of copper-graphite content in the mixture and dispersion of the steel 
povvder on the structure, mechanical and tribotechnical characteristics of the sintered material 
have been established. 4. Assessment of the relationship of the properties and technological 
parameters of the manufacture of parts shovved that the liquid-phase sintering is the best method 
in the synthesis of povvder materials from the mixtures from the charges of steel vvaste, a copper 
graphite. 5. Comparison of the properties of povvder samples makes it possible to determine that 
to increase the strength and tribotechnical properties of various composite materials based on 
İron and chip vvaste of steel 1.3 and 1.5 times the material is pressed vvithout the use of 
technological lubricant in “svveating” matrix. 
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XÜLASƏ 


Tədqiqat materialşünaslıq və ovuntu metallurgiyasının elmi əsasları əsasında aparılmışdır. 
Müəyyən edilmişdir ki, antifriksion ovuntu materialların yeyilməyədavamlılığını təyin edən 
əsas amillər ovuntuların dispersliyi, materialın strukturu və məsaməliliyidir. Ovuntu 
materialların yeyilməyədavamlılığının artırılması probleminin öyrənilməsi vəziyyətini nəzərə 
alaraq qeyd edilmişdir ki, hazırda tərkibində sənaye tullantıları olan şixtədən bişirilmiş 
məmulatların alınması üçün elmi əsaslandırılmış metodlar yoxdur. Məmulun xassələrinin 
formalaşmasına müxtəlif amillərin təsirinin mümkünlüyünü təhlil edərək dəmir ovuntu, ştamp 
polad yonqarları və mis qrafitdən ibarət antifriksion ovuntu materialların yeni sinfinin işlənib 
hazırlanması zərurəti əsaslandırılmışdır. 

Açar sözlər: ovuntu metallurgiyası, sürtünmə cütü detallarının istehsalı, yonqar tullantıları, 
üyüdülmə, qarışdırma, presləmə, bişirilmə, dəmir polad-mislənmiş qrafit, bişirilmiş ərintilər, 
fiziki-mexaniki xassələr, struktur, tribotexniki xarakteristikalar. 
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MATEPHA/VIOB AHTHOPHKHHOHHOTPO HA3SHAHUEHH32 HYTEM BBEHEHH31 B 
HHX CTPY?KKOBBIX OTXO,IOB CTA.ITEH OBECHEHHBAOHMHX 
PETEPOTEHHOCTB CTPYKTYPBbI 
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AHHOTAHHSI 


HecenoBaHH€ TIpPOBeHeHbI Ha Öa3e HayuHBIX OCHOB MƏT€PHaTOBEHEHHS H. HODPOHİKOBOİİ 
Meraımıyprur. OrpeyerneHO, HTO OCHOBHBİMH. ()aKTODAMİL, OTTPE//ETİSEOHİHMEH. H3HOCOCTOH- 
KOCTB aHTHİ)pHKIMOHHBIX TIODOHIKOBBİX MaTepHazOB: SBZSFOTCA HHCİHEDpCHOCTPE: TTODOHİKOB, 
cTpyKTypa H TOpHCTOCTBE MaTepHarıa., PaccMaTpHBas COCTOSHH€ H3yHCHHOCTH TIPOÖHNEMB 
TIOBBIIHHCHHS H3HOCOCTOHKOCTH TİODPOHIKOBBİX MATEPHaNOB, OTMEHEHO, HTO B HaCTOZİHH€ 
BD€MS OTCYTCTByEOT HayuHO OĞOCHOBAHHBI€ TIDPHEMBİ TON yUCHHS CITEHEHHBIX H3HeNHİİ H3 
HIHXT, CO//epokarıyx TIPOMBIHUTEHHBİC OTXO/IBİ, AHaMH3Hpys B3aHMOCBS33B B/HSHHSİ pa3rHu- 
HbIX P)aKTOpOB Ha ()OpMHpOBaHH€ CBOHCTB H3€7HE OĞOCHOBAH HEOÖXO/ZIHMOCTB pa3pa6oTKH 
HOBOTO K/TaCCa TIODPOHIKOBBİX MaTepHaOB aHTHİ)pHKİHOHHOTO Ha3HaHeHHSİ, COHepəkarınx 
HOpoOHIKH ?K€/1633, CTPy?KKOBBPIX OTXO/TOB HTTAMTİOBOH CTa/ZIH H MEHHEHHBİİ TpadbHT. 
KurroqeBble €/10BA: TİODOHİKOBas METATYDTHS,  TIDPOH3BOHCTBa H€Ta/ceİf y3110B TDEHHS, 
CTPy?KKOBBI€ OTXO/HBI, H3MC/IBHaHH€, CMEHİHBAHH€, TIPECCOBAHH€, CTİCKAHHE€, ?K€TI€30CTAİTIB- 
ME/IHEHHBIİİ TpadHT, CTTEHEHHBI€ CILETABBİ, İ)H3HKO-MEXAHHHECKH€ CBOİCTBa, CTPYKTYDpa, 
TpHOoTexHHuecKHe xapaKTepHCTHKH. 
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CALCULATITON OF MOUNTAIN PRESSURE TRANSMITTED TO 
THE CASING TAKING INTO ACCOUNT THE RHEOLOGICAL 
PROPERTTES OF THE AREA AROUND THE VVELL 
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ABSTRACT 


Reliable lining of the vvalls of oil and gas vvells vvith casing is one the main problems. Precise 
estimation of the load impact on casings forms the basis of vvell vvalls strengthening and 
economic use of pipelines. From this point considering rheological properties of rocks, 
cement coating, and complex rheological condition the analytic expressions have been 
obtained to calculate contact pressure determined betvveen zones. 

Keyvvords: casing, rocks pressure, contact pressure, viscous-elastic medium, nuclear, Volter 
equations, approximation, tension, deformation. 


To determine transfer of the rock pressure through cement coating to the side-vvall surface of 
the casing let”s accept by-vvell as the zones consisting of three concentric eylinders being in 
continuous contact vvith eachother. Let”s determine contact pressure betvveen these zones 
considering side pressure formed by rocks and reservoir vvaters from the cement coating to the 
casing surface., Let”s define contact pressure betvveen these zones. VVe use boundary 
conditions for it 


UZU) U 0) UZU)-U” uç) () 


VVe consider expressions of corresponding side pressures 111 in contact conditions 
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Figure 1. Characteristic plane section of by-vvell shaft. 
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Here ox,,P, are physical quantities for rocks. 


For simplifying the expressions if to accept possible indicators and consider them in 
expressions (4) and (5) vve vvill get Volter type integral equations system. 


dayı — 200U —T)ydr — dV, HA İHƏLt —T)y,dr — - 
0 0 


Ü t (6) 
day, HAİHƏLC -T)ydt--azy, FAzİB” (t— v)y,dı Hi 
0 0 


FAŞİ HƏ - yad - f, 


VVe”ll solve the second Volter type integral equations system. 
H(t,v) Te 
0 mi 


k(t,v) — H(t - Cut — I (7) 


Accepting it let”s bring VValter equations to Fred Holm type equations system. 


dai” Ak yidi Tduy,t Av İkƏy,ar m" sə 
0 0 
duy, AQ İkOyud- a,y, FAQ İkOy,dra (8) 
0 0 
“AL İkOy,dr - /, 
0 


Let”s suppose, K(f, T) nuclear changes its form that”s 


k(t,v) — O(t)p(t) (9) 


Then system (8) has the follovving form: 


ayy ALO” İy”yıde kc aşy, Yo” İM” yydv - f, a 
0 0 10 


ayy, “XS” İiy”yidv k azy, x X2O”” İy” yydı 4 ALO” İ y,dv - f, 
0 0 0 


Let”s accept the follovving indications 
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0 
z İv ”y,dr (11) 
0 


y, - İy”y,dı 
If to consider (11) in (10), the fallaslaz equations can be obtained 
dy, ALO ”y,  a,şy, “xy, - f£ (12) 
a,y, eX.oy, ra,y, ex2Oy, “A2Ö”7, — /, 


OT 
day day, -XasOy,-A0oy, (13) 
dayı raşy,c "iz Ay, mn .. yə a. a? 7: 
From here 
P.- ebül 2 —Aqo”y, -A.”y, -2.0”y,l- 
(14) 


dı İV —AqÖ”y, —A.Öy, İl 
4 (2) (2) (2) (2)x (2) 
p, xal, xo yı -A,o y,l-a,lf, -x20 y -Azo y.-ALD y.) 


If to consider the obtained expressions in (11). 
2072555 
— a,llf, “Ay, -A26oy, -X2oy, İlzr, 
y -xİv”la İZ -2209y, -A260y, -A209,1- 
2 
y,- İvelalf, xy, x20öy, -2,o”y,l- 
25—— 


Let”s vvrite this system equations as follovving, 


136 


AVADANLIQLAR. TEXNOLOGİYALAR. MATERİALLAR 


CİLD 10 BURAXILIŞ 02 2022 


1 1 1 . 
İn məz m a, bi Hi m. m ayy by, m A (əl. sü i, - 


1 
“Ün fi”du "8, (15) 
b m b, m 
rul m dalı h, Hi İn (a,ə. ə üzərə zl "ym a,xabəy3 nü 
1 : 
z Auf: müz "ig, 
b, 


ə. - 
ruzi 2 dy h ui ruzi “ıı aya, ), Hi 


1 1 
"İle yaəbə İr, - nif: “da arə 


If to make definite indicators for simplifying expressions (15) 


day urdı.) yay iz b, 


— 16 
day dəy dəy 3 b, ( ) 
day rFdəy “Uu Bə 3 b, 
From (16) 
A A A 
ncən ncun  yncə (17) 
from here 
d, 1 dı, 2 d, 3 b, d, 2 d, 3 
A - də dy üz A, - b, də, da 
üç də, də, b, də də ( İ 8) 
du b, ds du dy, b, 
A, mü də b, də, A, - da d,, b, 
dz 2. də, də də, z” 


Considering (17) in (14) let”s determine side pressure transfered into the casing by the help of 
obtained expressions. 


HƏ and HƏ 
. oz (r) 
HƏ -v)- b,e 


HÜ -v)-B,e”"” . 
3 


Let”s suppose oL, ,, are physical constants for cement, o, b, — are for rocks. 
Then 
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tö — “lət 
GDU — b,e 
(3) — Ost 
G” — b,e 
pə - Gül Tİ, 
0 Tİ, 
gö - —əi Pe 
0 TXİ, 


If to vvrite the obtained expressions to their places, vve shall get the expressions: 


.— İy?oodr- b, İe"ermdr - b, 
0 0 

.— İy”ocar .-". b.İ ee edy- BL İemlan m 
0 0 0 

— ı n le” -ıl-E-er -1) 


2 3 2 


gp, 1y”udr- ikəL: - ——İ (zə - 
0 OL, 


gi eİyödi-İe"sdi - — (es) 
0 0 O, 


3 


b, - İy” odr -,İe" —m—” b, (ey - 
0 0 0 


O, OL, 


In the considered vvork to determine tension and defornation relations of cement coating for 
rocks and by-vvell the physical expressions include 


HO(-r)-6(-r) 
the nuclear changing its form: 
(2) — -y(t—c) 

H0(1-)- E,.C.y.e” 
Let”s approximate to the taken nuclear in the above mentioned form. 
Here ö,C,, E,.Y — are the constants obtained from the experience E7 £ E, is taken for 
£ — co case En € E,. 
Let”s look through displacement deformation under the constant tension for approximation. 


esə bİee-ufr sətlfiiİEcəeoəll 
2 0 


9 - al - u,(” —oÖ İY" İst - özəl 


If vve open the integrals vve vvill get the follovving expressions 


(20) 
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—.7.—052x0252 
: (21) 


1 öt" 
g? - — (o? —n,(o” o” 111- 
—.55x7 


limit according to EVC, il — e”e) level in the form of 


1—o. 


Let”s approximate 


X,-C.(-e"") 
X,-CC,e"i 
... 8 ra 
1—o. 
X,-ör” 
Here OL is constant quantity and it changes in 
Ü o o.K1, 
At £ “f, let”s vvrite equality condition of expressions (22) and (23) and their derivatives 
C,i1- e”“ )- XA (24) 
CC -XI() 
From the first equality of (24) 


— Xi.) Xe” 
T 1—e €” ... —1 
From the second equality of (24) vve”ll get: 


dz X.(,) - X,(t, (1- en) Xçel -1) 


Ce” XX.” Xİ.) 


1 


Thus, by the help of the obtained results let”s set up the graphic and calculate error. 

The second curve indicated in figure 2 is step vvise curve obtained from the approximation. 
As it is seen from the table the biggest error is equal to 0,1896, at the expense of the accepted 
approximation vve obtain the analytic solution of the problem. VVith the help of obtained 
expressions in all depths and at any time, depending on the steel type of the casing and its 
vvall thickness it”s possible to determine its vvork ability. 
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m... 


0 8 10 12 14 16 18 til 
Figure 2. Approximation graphics. 
Table 1. Approximation table. 

ö ə. C, C, . 2, 5. b, 1 
0,34 0,768 1,6 2,45 1,466 1,462 392 İ 011-10” İ 011-105 
0,34 0,768 1,883 1,223 1,72 1,72 2,3 0111-10” İ 0111-10” 
0,34 0,768 2,07 0,816 1,892 1,891 1,69 İ 01-10” İ 0,11-105 
0,34 0,768 2,21 0,612 2,02 2,019 1335 İ 011-107 İ 011-105 
0,34 0,768 255 0,19 2,13 2,134 114 7 011-10” / 011-107 
0,34 0,768 2,40 0,404 2,22 2,19 097 İ 011-10” İ 011-105 
0,34 0,768 2,50 0,35 2,30 2,29 0,88 İ 01-10” I 011-105 
0,34 0,768 2,60 0,307 2,875. İ 23756 0,8 0111-10” İ 0111-10” 
0,34 0,768 2,67 0,273 2,44 2,44 0,73 1 011-10” İ 011-105 
0,34 0,768 2,736 0,245 2,50 2,50 0,67 İ 011-10? İ 0/11-105 
0,34 0,768 2,80 0,222 2,557 2,558 0,62 İ 011-10” İ 011-105 
0,34 0,768 2,856 0,204 2,61 2,61 0,583 İ 0111-10” İ 0/11-105 
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0,34 0,768 291 0, 189 2,654 2,658 0,55 1 01-10” İ 01-10” 
0,34 0,768 2,955 0,175 2.17 2,17 0,52 İ 011-10” İ 01-10” 
0,34 0,768 3,00 0,164 2,748 2,741 0,492 1 0111-10” . 011-107 
0,34 0,768 3,05 0,153 2,79 2,79 0,467 1 0411-10” . 0/11-107 
0,34 0,768 3,096 0,144 2,829 2,829 0,446 1 011-10” . 0111-10” 

İ 0,34 İ  0/768 İ 3,159 İ 0,136 1 2,867 İ 2,867 İ 0,43 İ 01-10” İ 0111-10” İ 

İ 0,34 İ 0768 İ 3417 İ 04129 1 290 İ 2,899 İ 0/41 İ 01-10” İ 01-10” İ 
0,34 0,768 3,218 0,123 5,94 2,94 040 İ 01-10” İ 01-10” 


The obtained results in any medium depending on physical properties of the rocks and 
pipeline material make possible to prevent future incidents. 

Analysis of equation (14) shovvs that value of the rock pressure transferred to casing increases 
depending on rheological properties of the rocks, mechanical characteristics of cement coating 
and casing. Using equation (14) vvhich includes rheological properties of the rocks and 
mechanical characteristics it is possible to calculate values of contact pressure by the help of 
the results obtained in varrious variants. 


Conclusion: Calculation of the rocks pressure transferred to the side surface of the casing and 
contact pressure betvveen these zones has been made. In side vvell zone accepted as the zone 
consisting of three concentric eylinders being in continuous touch vvith each other in complex 
rheological condition at any moment. 

Considering displacement deformation of the rocks under constant tensions solution of the 
problem has been obtained by approximation of nuclear changing its form. 
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XÜLASƏ 


Rəsədxananın neft və qaz quyularının divarlarının etibarlı üzlənməsi əsas problemlərdən 
biridir. Qoruyucu sütunlara yük təsirinin dəqiq qiymətləndirilməsi quyuların divarlarının 
möhkəmləndirilməsinin və boru kəmərlərindən səmərəli istifadənin əsasını təşkil edir. Həmin 
andan etibarən süxurların reolofyi xüsusiyyətlərini, sement örtüklərini və mürəkkəb reolofi 
şəraiti nəzərə alaraq zonalar arasında müəyyən olunmuş kontakt təzyiqinin hesablanması üçün 
analitik ifadələr alınmışdır. 

Açar sözlər: qoruyucu boru kəməri, dağ süxurlarının təzyiqi, yan təzyiqi, özlü-elastik mühit, 
nüvə, Volter tənlikləri, aproksimasiya, gərginlik, deformasiya. 
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PE3EOME 


B crarbe paccMaTpHBaeTca yCTOHUHBOCTB H€O/IHOpO/IHOH, TOHKOH, KDpyrnoH TETTACTHHKH. 
OrrpezereHa KpHTHu€CKas TEMIHEpaTypa TOTEDPH yCTOHUHBOCTH. TETACTHHKH B TpeHevax 
yupyrocTH. OrpezereHa TaK?Ke KpHTHueCKas TeMIHEpaTypa pa3pyıueHHs 3a TipeyenaMH 
yITPyTOCTH, HO TIOTEPH yCTOHuHBOCTH. İloHNyueHO, HTO €CHH. B HaHaHBHBİH. MOMEHT TIpH 
HOCTOSHHOH TEMHEpaType HET HIOTEPH yCTOHUHBOCTH, TO C TeHEHHEM BPEMEHH IETACTHHKa H€ 
öyneT TepsTb ycToHuHBoCTP. Ho eczi B HaHaHBHBİİ MOMEHT TIPH TTOCTONHHOH TEMTIEpaType 
ILTaACTHHKa H€ pa3pyıH€Ha, TO C TeEHeHHEM BpeM€HH ILUTACTHHKa MO?KET pa3pyıHaTBC3. 
KrroHeBble C/10B32: HE€CYIHas CTTOCOÖHOCTB, MHOTOC/TOHHas TOHKOCTEHHas KOHCTPyKLHS., 
HOT€Eps yCTOİİHHBOCTH, pa3pyıueHHne 3a TipenesnaMH yrpyrocTH, Harips?KeHH€, yiediopMalLıMHsi, 
HEpeM€LI€HH€, KDpHTHu€CKas TEMIEpaTypa. 


HocraHoBKa 3ayaun: Bö BpeMs pa6OTBi MOÖHUTBHBİX ƏHEKTPpOCTAHUHİİ BBİH€İİSETCSı 
OTPOMHO€ KO/IHHECTBO TE€ILHTOTBI, "TO TIDPHBONİHT K yBETHHEHHIO TEMHEpaTypbi TBEP/OOK- 
CH.HHBIX Ə/1€MEHTOB ƏTHX peaKTOpoOB. İ109TOMy, TIPH. TIDPOEKTHpOBaHHH TBEP/IOOKCHUTHBİX 
ƏTICMCHTOB MOÖH"IBHBIX ƏHKTpOCTAHHHİİ HeOÖXOHHMO YUHTBIBATB HE TOZBKO CHSTOBBİC 
BO3/I€HCTBHSI, HO H HEHCTBH€ OKpy?KaroLE€H Cp€/ibi, T.C. BIIHSHH€ BBİCOKOİH TEMİEpaTYDBI H HX 
H€OHHOPpO,IHOCTBb 110 TO/IHHH€ Ə71e6MEHTOB. TBeDHOOKCVLVTHBIM  Ə71EMEHTOM  SİB/ETETCS  TOHKAaSI, 
Tpexc/ofHHas (aHO/I, KaTOll, ƏH€KTpONHT) Kpyr"nas TEaCTHHKa. TozmuHHa CpeHHeTO C/03 
HAMHOTO MEHbIH€ TOHIHHHBI KpaHHHX CHO€CB. İİ09TOMy TETACTHHKy MÖ?KHO CüHTaTB 
HAByxcnofHoH. KpoMe TOTO CuHTa€TC31, HTO TIPH BBICOKOH TEMIEpaType MaTepHarı ITETACTHHKH 
BCH€T C€Ös KaK B33KOyTHpyTOe H TOTep4 yCTOHUHBOCTH TipoHCxoyzlHT 3a TipeyenaMı 
yrrpyTOCTH, T.€. TIPH T1OTePH yCTOİİHHBOCTH HM€TOT M€CTO /edDoopMalıHr rron3yuecTH. ByyeM 
pacecMaTpHBaTB TIOB€H€HH€ TETACTHHBI € yuUCTOM TEOMETPHuUeCKOH HEHNHHEHHOCTH, B 
HarıpaBH€HHH HOPMAIH K CpPEHHHHOİH HOBEPXHOCTH IUTACTHHBİ. 


PemeHne 3aynaun: C yueroM rrroresbi Knpxroda”— lma Mr OCECHMMETpHHHOCTH 3ayauH 
nedbopmarn Bbipa?KaroTCs Hepe3 TİEDEMCİHEHHS B: TTO/P1DPHBİX  KOOP/HHaTaX CiTe/iyFOHİHM 
oöpa3oM İ21. 
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TeMrreparypHoro pacıınpeHHs H TIpeHe TEKyHeCTH. CT06B: pa3HBİ€. KOMTİOHEHTBİ TT0/1HOH 
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TPy/ZHOCTAMH. HTOÖBI yecTpaHHTB MaTeMaTHH€CKyIO Tpy/IHOCTB BOCTTONB3y€MCS3 BapHaH- 
OHHBIM TIPHHUHTOM, TIPE/UTOSKEHHBİM B İ 2 1. 


PneyHoK 2. 3aBcHMOCTP"Koəd)bHuNMeHTa TeMTTEpaTypHoro pacıHpeHHii OT TTOTTEPeHHOH 
KOOP/IHHATBI. 
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IlpeznoaraeTcs4, HTO TETACTHHKH 110 KpasM 33KP€TUTEHBİ ?KECTKO, T.€. 

Hexoyis H3 əTHX TpaHHHHBIX ycHOBHH HV diHaHMHecKHX cooÖpa?xeHHİİ, TUT: HESABHCHMBİX 
BCHHHHH TIPHMEM C/TEHyEOHIH€ arrIpOKCHMALHHH: 


HesaBHCHMBIMH BapBHPyeMbIMH BEZTHUHHƏMH SİB/EEOTCS İV 
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Ecvın orrpezerTB KpHTHeCKyYEO TEMTHEEPATYPY, TIPH KOTOpOH TETACTHHKa MO?KET pa3pyıuaTBCsı 
HO BBITIyUHBaHH51, TTO?TyHA€M: 
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öril : i h(t) v2Es,(- K,) 
2 h(t) Zey 


— 24 
-. B(3or, — ox) . 
OCcHOBHBI€ BBIBO,VIbI: 1. İ1oxnyueHo aHaIHTHUCCKOC€ BBİDpa2KEHHSI UT KDHTHHECKHX 
TEMIIEPATyP UT BBITIYUHBƏHHS H pa3pyıHeHH3. 
2. Va BBbipaxxeHHs (23) Hn (24) HmoryuaeTca, uro KpHTHeCKas TEMIHEpaTypa HOTEpH 
YCTOİHHBOCTH H€ 3aBHCHT OT BpeM€HH, HO KpHTHu€CKas TeMIEpaTypa pa3pyueHHsi CO 
BDeM€H€M YMEHBbLIa€TC4. ÖTO O3Haua€T, HTO €C/IH B HaHaBHOH MOMEHT TIPH. TIOCTOSHHOH 
TeMIEpaType HET TIOTEPH YCTOİTHHBOCTH, TO C TEHEHHEM Bp€eM€HH TEHTaCTHHKa HE ÖYMHET 
TepsTB ycTOHuHBOCTB. Ho €CH B HaHaHBbHBİİ. MOMECHT TIDPH. HOCTOHMHHOH TEMIHEpaType 
IVTACTHHKa H€ pa3pyıH€Ha, TO C TeHEHH€M Bp€MEHH IHTACTHHKa MO?KET pa3pyıaTBC3L, 
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QEYRİ-HOMOGEN BİR RAUNDUN DAŞIMA QABİLİYYƏTİNİN İTİRİLMƏSİ 
HAQQINDA ELASTİKLİK HÜDUDLARINDAN KƏNARDA YÜKSƏK 
TEMPERATURDA BOŞQAB 


İQəzalə Xeyrabadi, "Rəbiyyə Abışova 


T?Assistant, “Mexanika” kafedrası, Azərbaycan Dövlət Neft və Sənaye Universiteti, Azərbaycan. 
XÜLASƏ 


Məqalədə qeyri-homogen, nazik, yuvarlaq bir boşqabın dayanıqlığı nəzərdən keçirilir. 
Elastiklik həddində plitələrin bükülməsinin kritik temperaturu müəyyən edilir. Stabillik 
itkisinə qədər elastiklik həddini aşan kritik qırılma temperaturu da müəyyən edilir. Müəyyən 
edilmişdir ki, sabit temperaturda ilkin anda sabitlik itkisi yoxdursa, o zaman boşqab zamanla 
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zaman keçdikcə boşqab məhv edilə bilər. 

Açar sözlər: Hecyınas crrocoÖHOCTB, MHOTOC/OHHasi TOHKOCTEHHas KOHCTPYKLHH3, TiOTEps 
YCTOHuHBOCTH, pa3pyıHeHF€ 3a TIpeyenaMH yTIPyTOCTH, HarpsoKeHH€, TedbopMalMri, 
TEPeMCIHCHH€, KpHTHH€CKasI TeMTTEpaTypa. 


ON THE LOSS OF BEARING CAPACTITY OF AN INHOMOGENEOUS ROUND 
PLATE AT HIGH TEMPERATURES BEYOND THE LIMTTS OF ELASTICTTY 


İQazala Xeyrabadi, ”Rabiyya Abishova 


13Assistant, department of “Mechanics”, Azerbaifan State Oil and Industry University, Azerbaifan. 
ABSTRACT 


The stability of an inhomogeneous, thin, circular plate is considered in the article. The critical 
temperature of the stability loss of the plate is determined vvithin the elastic range. Critical 
fracture temperature beyond elastic limits, before 1oss of stability, is also determined. It is 
obtained that if in the initial time at a constant temperature there is no loss of stability, then 
over time the plate vvill not lose its stability. But if at the initial moment at a constant 
temperature the plate is not destroyed, then over time the plate can be destroyed. 

Keyvvords: Load-bearing capacity, multi-layer thin-vvalled construction, 1oss of stability, 
destruction beyond elasticity, stress, deformation, displacement, critical temperature. 


DOl suffix: 10.36962/ETM10022022-143 


149 


ə EQUIPMENT. TECHNOLOGİES. MATERTALS 


VOLUME 10 ISSUE 02 2022 


ETM 


RƏYÇİLƏR QRUPU 
Azərbaycan 


Cahid Kərimov 

Azərbaycan Dövlət Neft və Sənaye Universiteti, Professor “Materialşünaslıq və 

emal texnologiyaları” kafedrası. Texnika üzrə elmlər doktoru. 

Cəmaləddin Aslanov 

Azərbaycan Dövlət Neft və Sənaye Universiteti, Kafedra müdiri “Sənaye maşınları” kafedrası. Texnika üzrə 
elmlər namizədi. 

Ələsgər Əliyev 

Azərbaycan Dövlət Neft və Sənaye Universiteti, Kafedra müdiri “Mexanika” kafedrası. Texnika üzrə elmlər 
doktoru. 

Əli Hikmət Əhmədov 

Fakültə dekanı “Neft-mexanika” fakültəsi. Texnika üzrə elmlər namizədi. 

İbrahim Həbibov 

Azərbaycan Dövlət Neft və Sənaye Universiteti, Professor “Sənaye maşınları” 

kafedrası. Texnika üzrə elmlər doktoru. 

Qasım Məmmədov 

Azərbaycan Dövlət Neft və Sənaye Universiteti, 

Tədris işləri üzrə prorektor. Texnika üzrə elmlər namizədi. 

Məleykə Məmmədova 

Azərbaycan Dövlət Neft və Sənaye Universiteti, Professor “Sənaye maşınları” 

kafedrası, Texnika üzrə elmlər doktoru. 

Tahir Cabbarov 

Azərbaycan Dövlət Neft və Sənaye Universiteti, Kafedra müdiri “Materialşünaslıq və emal 

texnologiyaları” kafedrası.. Texnika üzrə elmlər namizədi. 

Züleyxa Eyvazova 

Azərbaycan Dövlət Neft və Sənaye Universiteti, Dosent “Sənaye maşınları” kafedrası. Texnika üzrə elmlər 
namizədi. 

Əziz Əliyev 

"AZİNMAŞ" ASC (Neft Maşınqayırma İnstitutu) direktoru. 


Almaniya 


Xudaverdi Kərimov 
Direktor “TXUN Lasertechnik Gmb”. Texnika üzrə elmlər doktoru. 


Türkiyə 


Şevket Levent Ergün 

Hacettepe Universiteti, Professor “Mədən Mühəndisliyi” Fakültəsi. 

Yunus Türen 

Karabük Üniversitesi, Professor. “Mühəndislik Fakültəsi” Metalurgiya və Material Mühəndisliyi, İstehsalat 
Metalurgiyası Şöbəsinin Müdiri. 


Rusiya 


İsgəndər Kuzeev 
Ufa Dövlət Neft Texniki Universiteti, Professor “Kimya istehsalının maşın və cihazları” kafedrası. 


150 


AVADANLIQLAR. TEXNOLOGİYALAR. MATERİALLAR 


CİLD 10 BURAXILIŞ 02 2022 


GROUP OF REVIEVVERS 
Azerbaifan 


dahid Kerimov 

Azerbaifan State Oil and Industry University, Department “Materials science and processing 
technologies. Doctor of Technical Sciences. 

Ali Hikmat Akhmedov 

The head of the faculty “Oil-Mechanics” Candidate of Technical Sciences. 

Alesgar Aliyev 

Azerbaifan State Oil and Industry University, Head of Department “Mechanics”. Doctor of Technical Sciences. 
Camaladdin Aslanov 

Azerbaifan State Oil and Industry University, Head of Department “Industrial Machines”. PhD 
in Technical Sciences. 

Gasim Mammadov 

Azerbaifan State Oil and Tndustry University, Vice-Rector for Academic Affairs. 
Candidate of Technical Sciences. 

Ibrahim Habibov 

Azerbaiyan State Oil and Industry University, Professor “Industrial Machines”. Doctor 

of Technical Sciences. 

Maleyka Mammadova 

Azerbaifan State Oil and Industry University, Professor Department 

“Industrial Machines”. Doctor of Technical Sciences. 

Tahir Cabbarov 

Azerbaiğan State Oil and Industry University, Head of Department “Materials science and 
processing technologies”. PhD in Technical Sciences. 

Zuleykha Eyvazova 

Azerbaiğan State Oil and Industry University, Associate Professor “Industrial Machines”. PhD in 
Technical Sciences. 

Aziz Aliyev 

"AZINMASH" OTC (Institute of Oil Mechanical Engineering) director. 


German 
Xudaverdi Karimov 
Director of “TXUN Lasertechnik Gmb”, Associate professor. PhD in Technical Sciences. 


Turkey 

Shevket Levent Ergun 

Professor, Faculty of Mining Engineering, Hacettepe University. 

Yunus Turen 

Karabük University, “Faculty of Engineering” Metallurgical and Materials Engineering, Head of Production 
Metallurgy Department. 


Russia 

Iskander Kuzeev 

Professor, Department of “Machines and devices of chemical production”, Ufa State 
Petroleum Technical University. 


lə 


3OURNAL INDEXING 


pə 4 İB hı oxule CATALOGUE 
m Crossref u El "ESTER 


Academic 


FT zotero İk. . . ğ .OSF 


İİİ “isi 


VVIKIDATA 


PORTİICO 


DDNEU 


AZƏRBAYCAN DÖVLƏT NEFT 
VƏ SƏNAYE UNİVERSİTETİ 


GÖ THE BALTIC SCIENTIFIC VOURNALS 


ISSN: 2663-8770, E-ISSN: 2733-2055, DOT: 10.36962/ETM UDC: 62-44 


OPublisher: Azerbaiyan State Oil and Industry University. İ/C 1400196861 (Azerbaiyan) 
Rector: Mustafa Babanli. Doctor of Technical Sciences. Professor. 

Editors-in-chief: Ibrahim Habibov 

Technical and revievver team manager: Zuleykha Eyvazova. 

Registered address: 20, Azadlig pr., Baku, Azerbaiyan, AZ1010. 

OEditorial office: 20, Azadlig pr., Baku, Azerbailan, AZ1010. 

OTypography: Azerbaiyan State Oil and Industry University İ/C 1400196861 (Azerbailan). 
Registered address: 20, Azadlig pr., Baku, Azerbaiflan, AZ 1010. 


Publisher: International Research, Education 8: Training Center. MTÜ (Estonia, Tallinn), R/C 80550594 
Director and Founder: Seyfulla İsayev. (Azerbaiyan) 

Deputy and Founder: Namig İIsazade. PhD in Business Administration. (Azerbaifan) 

OEditorial office / Redaksiya: Har)u maakond, Tallinn, Kesklinna linnaosa, Narva mnt 5, 10117 
Telephones / Telefonlar: “994 55 241 70 12, 4994 51 864 88 94 

VVebsite/Veb səhifə: https://scia.vvebsite/ 

E-mail: sc.mediagroup2017(?gmail.com 


ISSN: : 2663-8770, E-ISSN: 2733-2055, DOLH: 10.36962/ETM 


EQUİPMENT 
TECHNOLOGİES 
MATERİALS 


AVADANLIQLAR, TEXNOLOGİYALAR, MATERİALLAR 


OBOPYA4A,OBAHHE, TEXHOMLHLHOTHH, MATEPHA.IBI 


VOLUME 10 ISSUE 02 2022 CİLD 10 BURAXILIŞ 02 2022 


LER mə 


Platform 8. 
vvorkflovv by 


O) S / P K P http://emtasoiu.com/index.php/en/ 


https://scia.vvebsite/index.php/etm 


